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PATHOLOGICAL AND PHYSIOLOGICAL FACTORS INVOLVED IN 
THE TREATMENT OF SILICOSIS IN COAL MINERS 


BURGESS GORDON, MD. 
AND 


HURLEY L. MOTLEY, MD. 
PHILADELPHIA 


HE TREs.TMENT of silicosis, from the earliest times, has 
appeared ineffectual and basically unscientific. This view, illustrated 
in the writings of ancient and modern physicians, indicates that the 
silicotic process is irreversible and precludes favorable action of drugs.’ 
In consideration of the futility of treatment, the importance of prevention 


has been emphasized. In the present paper, suggesting the possibility 


that treatment should be redirected, there is the concept that functional 
impairment of the bronchioles and alveoli may be the predominant factor 
in the cause of disability and symptoms. The data relate especially to 
the disproportion that may exist between the signs and symptoms of 
patients—for example, the minimal disability of some whose condition 
has been diagnosed radiologically as third stage silicosis, and the marked 
functional impairment noted in others with the radiological features of 
first stage silicosis. The treatment concerns the physiological rehabili- 
tation of tissues not fully or specifically involved in the silicotic process. 

The characteristic pathological features of silicosis are the silicotic 
nodule, the coalescence of lesions, the diffuse pulmonary fibrosis and the 
emphysema. While the typical features are recognized, there are 
questions as to the cause and significance of certain tissue reactions 
unrelated to the silicotic process per se. Heppleston * observed that the 
primary lesion of pneumonoconiosis is a focal accumulation of dust 

From the Barton Memorial Division and the Department of Medicine, Jefferson 
Medical College Hospital 

A part of the expense of this investigation was defrayed from a grant of the 
Anthracite Health & Welfare Fund 

Read before the Section on Mining Industry of the American 
Industrial Physicians and Surgeons, Chicago, April 25, 1950 


Association of 


1. Orenstein, A. J.: The History and Prevention of Silicosis, with 


Special 
Reference to the Witwatersrand: First Sir Julius Wernher Memorial 


Lecture, 
delivered at the Royal Institution, London, April 15, 1947; abstracted, Bull. Hyg 
223460, 1947 

Heppleston, A. G.: The Essential Lesion of Pneumokoniosis in Welsh Coal 
Miners, J. Path. & Bact. 59:453, 1947 
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situated at the division of the respiratory bronchiole. While the lymphoid 
tissue at this point determines the localization of coal dust. the dust 
remains essentially focal in distribution, regardless of the extent of the 
disease. The dust lesions exert a physical influence in causing the focal 
emphysema, a factor that is mainly responsible for the respiratory dis 
ability. Evidently, a small amount of fibrosis occurs in advanced 
pneumonoconiosis, and the associated emphysema remains strictly local 
ized to the adjacent blood vessels. The studies of Heppleston * pose the 
question whether the mechanical accumulation of dust. irrespective of its 
nature, plays an important role in the genesis of the dust lesions. W ith 
relerence to the massive lesions observed in the anthracite coal miners 
of Pennsylvania, Fletcher of England, and Orenstein, of South \frica, 
have expressed the view that such processes follow infection, atelectasis 
and contraction due to fibrosis and in a sense are not “typical silicosis.” 
It would appear, therefore, that “pure silicosis” stands apart from 
pheumonocomosis, with its tissue reactions to dust invasion. With this 
concept, two pathological and physiological entities are recognized: an 
irreversible process (silicosis) and a reversible process (bronchiolitis 
and bronchitis ) 


Roentgenograms, for many years, have held undisputed claim in the 
diagnosis of silicosis. While the characteristic shadows are recognized, 
there is increasing doubt as to their reliability in reflecting the type and 
the significance of the underlying pathologic changes. 


\s pointed out 
by Fletcher and Oldham. 


little is known of the errors inherent in the 
attempt to detect pneumonoconiosis by means of roentgenograms and to 
classify roentgenograms of pheumonoconiosis according to the severity 
of the disease. Illustrating the limitations of the 


roentgenogramis, 
Mletcher and Oldham 


noted a remarkable difference of opinion among 


the same observers from one occasion to another. Thus the roentgen 


ograms of silicosis, as with the pathology of dust diseases, have been 
reconsidered in the light of cardiorespiratory function,® with special 
3. Fletcher, C. M Personal communication to the authors, 1950 
4. Orenstein, A. J.: Personal communication to th authors, 1950 
5. Fletcher, C. M., and Oldham, P. D.: The Problem ot Consistent Radio 
logical Diagnosis in Coal Miners’ Pneumoconiosis, Brit. J. Indust. Med. 6:16. 
1949 
6. (a) Motley, H. L.; Lang, L. P., and Gordon, B.: Total Lung Volume and 
Ventilation Measurements in 100 Anthracite Coal Miners 
Complaints, Am. Rev, Tuberc. 59:270, 1949. Studies on the Respiratory Gas 
exchange in 100 Anthracite Coal Miners with Pulmonary Complaints, ibid. 61:201, 
1950 } Gordon B.; Motley. H. I Theodos, P. A., and Lang, L. P.: Studies 
Disability in Anthracosilicosis, Tr \ Am. Physicians 62:270, 1949. (4d) 


Motley, H. 1 Gordon, B.; Lane, L. P.. and Theodos, P. A Impairment of 


with Respiratory 


Pulmonary Function in Anthracosilicosis, Arch. Indust Hyg. & Occup. Med 
2:133 ( Feb.) 1950. (¢) Cournand, A. and Rict ards, D. W., Jr.: Pulmonary 
Insufficiency: I. Discussion of a Physiological Classification and Presentation of 


Climecal Tests, Am. Rev. Tuberc 44:26, 1941 
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reference to physiological rehabilitation of tissues involved in reversible 
changes, as a means of treatment 

Normal breathing proceeds with expansion of the chest and lowering 
of the diaphragm during inspiration, and with contraction of the thorax 
and elevation of the diaphragm during expiration. The excursions of 
the lungs are both horizontal and vertical. While inspiration occurs as 
an active muscular effort, expiration is essentially passive and depends 
on the recoil of the lungs and the elasticity of the chest wall. In strenuous 
exercise a modification of the respiratory movements is noted in certain 
cases with extensive emphysema, the diaphragm rising only partially 
during expiration, the lungs continuing in a state of distention ; expiration 
occurs imperfectly and each succeeding inspiration begins before expira- 
tion is fully accomplished 

The state of overdistention of the bronchi and alveoli is an inyportant 
cause of atrophy of the alveolar walls and their permanent dilatation 
Bronchial obstructions favor dilation of distal bronchi and parenchymal 
structures. The causative factors of blockage are purely mechanical 
(foreign body); partial-stenotic (inspissated secretion) ; physiological 
(spasm); permanent (cicatricial) ; transient ( valvular in type). Reten 
tion of secretions in the distal areas and local swelling of the mucous 
membrane are not uncommon in the progressive stages of obstruction 
\ serious disturbance appears with the development of mucoid “pearls,” 
which serve as ball valves that permit air to pass in one direction but not 
in the other. This valvular mechanism and the associated stenoses, 
partial or complete, interfere with bronchial and parenchymal drainage 
and almost always lead to focal or general emphysema. Bronchospasm 
occurs as an imbalance of the sympathetic nervous system or in associ 
ation with local factors, such as abnormal bronchiolar secretions. The 
precipitating causes due to local conditions, as in pulmonary emphysema, 
include the presence of irritative secretions in the bronchioles and the 
hard, racking cough. The latter, a frequent accompaniment of broncho 
spasm, is both irritating and traumatizing to the chronically disturbed 
mucous membrane. The physiological disturbances related to broncho 
spasm or obstruction (seen in unequal alveolar aeration and perfusion, 
ventilatory measurements and percentage changes in total lung volume) 
are pertinent in the consideration of treatment.” 

Impaired pulmonary ventilation is due to emphysema and pulmonary 
fibrosis. A useful classification of emphysema is based on the physio 
logical relationship of the volume of residual air to total lung volume, 
the measurement designating a degree of impairment due to the mixing 
and dilution factors in ventilation with respect to vital capacity and total 
lung volume.“* All degrees of emphysema may be noted in the various 
age groups, with or without silicosis, and no apparent correlation may 


exist between the roentgenographic stage of silicosis and the associated 
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emphysema. It is interesting that the emphysema noted in about 30 per 
cent of the cases of silicosis is not a significant cause 


of faulty pulmonary 
function 


However, in the presence of an infection of the upper respi- 
tract causing the secretions to gravitate into the dependent 
bronchioles, especially when this is associated with bronchosp 
1s an increased volume of residual air 


ratory 


asm, there 
This constitutes a definite handicap 
in breathing, as the degree of compensatory hyperventilation is reduced 
and the patient becomes incapacitated during the attack. 

Vital capacity and maximal breathing capacity are the most important 
ventilation measurements. Vital capacity decreases as the degree of 
emphysema increases. However, there are wide individual variations 
which limit the value of the measurement in certain cases 


: observed that a vital capacity of 2,000 to 3,000 ce 


It has been 


may eXist in persons 
‘ with no manifest emphysema (determined by quantitative measurements 


of residual air), as well as in those with moderate or even advanced 


emphysema." Maximal breathing capacity ts related to the degree of 


emphysema in a manner similar to the correlation between vital capacity 


and emphysema. If the maximal breathing capacity * is less than 40 L. 
per minute, emphysema of a significant amount 
35 4 


Is present (residual air 
er cent or more of total lung volume), and if the maxima! breathing 
capacity is over 100 L.. per minute, the impairment, in most cases, is not 
due to emphysema. 


The following aspects are especially significant in 
the consideration of treatment: The residual air percentage of total lung 
; volume increases principally at the expense of the complemental air 
percentage of total lung volume “ : the percentage portions of the lungs 
occupied by supplemental air (reserve) and tidal air remain nearly 
constant, regardless of the degree of emphysema 


It is significant that 
in far advanced pulmonary emphysema the breathing reserve 


may be 


markedly reduced, since the depth of inspiration may be increased only 


slightly above that of the resting state, 


In addition to the physiological problems directly related to the 
emphysema per se, there is faulty distribution of air in the lungs. This 


1s one of the important and serious factors involved in silicosis With 
this type of pulmonary dysfunction the impairment of breathing results 
from the unequal aeration and perfusion caused by the fibrotic and 
obstructive changes in the lungs. The condition is found in all age 
groups, and there is no apparent correlation with the roentgenographic 
stage of silicosis. Poor distribution of air lowers the arterial oxygen 
pressure (pQ,) and the percentage oxygen -saturation due to the large 
drop in mean pO, between the alveoli and the arterial blood. In some 


7. This measurement must be made with suitable apparatus, 
minimum of breathing resistance; a standard basal 


providing a 


metabolism machine js 
unsatisfactory.“ 
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cases the increased mean gradient of pressure for oxygen between the 
alveoli and the arterial blood approaches 50 mm. Hg (normal, 5 mm. 


Hg). The average resting arterial oxygen saturation is moderately 


reduced but poorly correlated with impairment of pulmonary function. 
It is interesting that the arterial oxygen values obtained during mild 
exercise may reveal significant differences with respect to disability and 
the degree of emphysema. Important information is provided when the 
arterial oxygen saturation value is compared with the resting level.*” 


In some cases the oxygen saturation may be increased beneficially with 
exercise, while in others a marked drop occurs, denoting serious dis- 


ability. 


The treatment of silicosis relates to (1) symptomatic relief, (2) 


measures that favor elimination of “free” silica and abnormal secretions 
in the bronchioles and (3) regulation of the respiratory function and 
general physical activities of the body. The usual measures for dust 
prevention, with preemployment and periodic health examinations, are 
recommended. 


Therapeutic rest in bed definitely is not indicated in uncomplicated, 


moderately advanced silicosis. Actually, the control of respiratory 
movements through prolonged resting in bed favors disuse of the lungs 
and results in impaired physiological function. The restricted move- 


ment of air, with the lessened discharge of bronchial secretions, is the 


penalty of physical rest. In terms of everyday living, an excessive use 
of the rocking chair may become as detrimental as undue physical exer- 


tion is harmful in active pulmonary tuberculosis. Contrarily, graduated 


or regulated exercise favors the resolution of intercurrent pulmonary 


infections and facilitates normal body functions, and it should he 


employed systematically as the acute manifestations subside. (Gymnas 


tics, with deep breathing exercises, employed on rising from bed in the 
morning, are sometimes valuable as a means for improving the general 
condition and certainly in favoring adequate ventilation of the lungs; 


holding the abdomen from below upward during a series of forceful 


expirations is sometimes useful.* Fatigue and chest discomfort with 
increased pulse and respiratory rates call for limitation of physical 


activities; stair climbing and walking rapidly, especially against the 


wind, should be avoided. With evidence of circulatory embarrassment, 
notably in advanced silicosis, further modification of the program is 
indicated. 

The value of drugs alone in silicosis has been disappointing. The 
expectorant and sedative drugs usually are more disturbing than effec- 
tual: codeine favors the retention of secretions, and the indications 


should be limited to the control of severe, racking cough. Bronchodila- 


8. Barach, A. I Personal communication to the authors, 1950 
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tor drugs, including isopropylarterenol (isuprel* ), methoxyphenamine 
(orthoxine*) and aminophylline, have been advocated in cases of per- 
sistent bronchospasm, and relief is sometimes obtained. In failure of 
the circulation due to primary disease of the myocardium, digitalis, 
theobromine derivatives and meralluride (mercuhydrin*®) serve a useful 
purpose, especially with oxygen therapy Penicillin, administered 
parenterally, is the most useful agent for controlling bouts of intercur 
rent infection; aureomycimn may be effective in certain cases: strepto- 
mycin is valuable in tuberculosis. The status of aluminum therapy has 
not been fully established.’ 

The clinical and physiological observations on anthracosilicosis indi- 
cate that bronchospasm, phenomena due to obstruction of the bronchi- 
disability, Evidently, the physical and physiological disturbances pre- 
dominate over the specific influences of infection. It has become espe- 


oles and retained pulmonary secretions are important causes of 


cially evident that the antibiotics and the bronchodilator drugs, given 
alone, orally or as aerosols, have definite limitations. \ccordingly, 
dynamic therapy, in the form of respiratory exercise, has been 
employed. This consists of intermittent positive pressure breathing with 
oxygen (100 per cent) and the simultaneous administration, by aerosol, 
of bronchodilator drugs and a wetting agent; diaphragmatic elevation 
induced by abdominal compression is used as interval treatment in 
selected cases 

Che intermittent positive pressure breathing treatment, as employed 
with the pneumatic balance type of respirator '’* and the Bennett res- 
pirator,'’” has been used effectively in carbon monoxide poisoning, 
acute pulmonary edema, barbiturate poisoning,'' anthracosilicosis | and 
more recently to supplement the Drinker type of respirator im the 
management of poliomyelitis The only contraindications are pul 
monary hemorrhage and spontaneous pneumothorax.'@* The treatment 


provides a more uniform alveolar aeration, and the following changes 


9% Brown, E. W., and Van Winkle, W Jr.: Present Status of Aluminum in 

the Therapy and Prophylaxis of Silicosis, J. A. M. A. 140:1024 (July 23) 1949 

10, (a) The Burns valve (pneophore®) is manufactured by the Mine Safety 
\pphances Company, Pittsburgh. (/) The Bennett valve is manufactured by the 
1. J. Monaghan Company, Denver 

Il. Motley, H. I Werko, | Cournand, A., and Richards, D. W., Jr.: 
Observations on the Clinical Use of Intermittent Positive Pressure Breathing, 
\viation Med. 28:417, 1947 
12. (a) Motley, H. I Lang, 1. P., and Gordon, B.: Use of Intermittent 
Positive Pressure Breathing Combined with Nebulization in Pulmonary Disease, 
Am. J. Med. 18:417, 1947; (+) Effect of Intermittent Positive Pressure 

0 Respiratory Gas Exchange, |. Aviation Med, 24:14. 1950 


Breathing 


13. Bower, A. G:: Concept of Poliomyelitis Based on Observations and Treat 
ment of 6,000 Cases in Four-Year Period, Northwest Med. 49:187, 1950 
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are noted: (1) a decrease in the mean oxygen transfer gradient 
(alveolus to arterial blood), (2) an increase in arterial oxygen pressure 
and (3) an increase in arterial oxygen saturation. The supplementary 
use of bronchodilator drugs ( phenylephrine hvdrochloride, IsOpropy lar- 
terenol hydrochloride and vaponefrin® [a solution of synthetic racemic 
epinephrine hydrochloride} ), used as aerosols in connection with inter- 
muttent positive pressure breathing, reduces bronchospasm and _ facili- 
tates the passing of air in and out of the alveoli. Limited experience 
with nonanionic wetting agents, such as cetylpyridinium chloride 
(ceepryn,* '*) added to the aerosol of bronchodilator drugs, suggests 
that they may encourage the bronchioles to discharge the thick, tena- 
cious mucus. The intermittent positive pressure breathing treatments 
are given two or three times daily for periods of 15 or 20 minutes, 
depending on the patient’s comfort and reaction; with fatigue or palpi- 
tation the periods and the doses of bronchodilator drugs are reduced. 
The dose of isopropylarterenol hydrochloride (isupre!® hydrochloride ) 
and vaponefrin® is 8 drops diluted in an equal amount of isotonic sodium 
chloride solution. Cetylpyridinium chloride (ceepryn® chloride) is given 
in a dose of 4 drops of a 1: 1,000 solution 

Diaphragmatic elevation,'® obtained with the use of a special type 
of abdominal support,'® facilitates bronchial drainage and provides a 
more effective displacement of air in the lungs. The mechanism 
relates to abdominal compression, which displaces the diaphragm to the 
higher and more effective range of expiration. Useful as an adjunet 
for pressure breathing, it is indicated specifically for the long, flat type 
of chest with a preponderance of vertical respirations, racking cough and 
difficult expectoration. 

The using of intermittent positive pressure breathing in more than 
500 cases of anthracosilicosis has led to the interesting observation that 
marked expectoration of thick, tenacious, “black” sputum occurs in 
more than 50 per cent of the cases, the phenomenon continuing for & to 
10 days after the treatments are started. Miners have remarked that 
the large amounts of sputum had not been experienced previously. With 
the increased expectoration there usually is a parallel relief of dyspnea ; 
in some instances the asthma-like attacks have entirely disappeared. 


Return to work has been possible in some instances. It has been signifi- 


14. Ceepryn® is supplied by the William S. Merrell Company, Cincinnati 


15. Gordon, B: Results of Abdominal Compression in Pulmonary 
Am. Rev. Tuberc. 32:686, 1935; The Mechanism and Effects of Abdominal 
Compression in the Treatment of Pulmonary Diseases, New England |. Med 
214:195, 1936 

16. The apparatus (diaphragm lift) is manufactured by Nulty-Coggins. 1921 
Chestnut Street, and ¢ 1. .Pilling and Son Company, 3451 Walnut Street, 
Philadelphia 
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cant that while the physical signs (rales, pulmonary resonance and 
breath sounds) have increased or decreased, apparently in relation to 
improved drainage and aeration, there have been no striking alterations 
in the roentgenograms. In order to determine the degree of physio- 
logical improvement, a series of tests of function were undertaken. 

It has been noted in the physiological studies of respiratory function 
that decreased ventilatory capacity of the lungs (reduced vital capacity 
and maximal breathing capacity) and emphysema (increased residual 
air percentage of total lung volume) lower alveolar oxygen pressure in 
anthracosilicosis, In cases with the fibrosis limited to its action on 
the resiliency of the lungs, a secondary « 


r associated effect results from 
obliteration of the alveolar walls and capillaries. With this phenomenon 
affecting the blood flow in the alveoli, ventilation occurs without per- 
fusion, causing the involved alveoli to become functionally incapacitated, 
so that they actually form a reservoir for dead air. In other instances 
the loss of lung elasticity and the narrow ing of the lumens cause varving 
degrees of impairment in the circulation of air. Thus. while perfusion 
may be normal, ventilation is partially or completely impaired, [t appears 
that the inflation of the lung which occurs under intermittent positive pres- 
sure breathing during inspiration increases the aeration of the alveoli 
with impaired ventilation, and accordingly oxygenation of the blood is 
taciitated. The treatments increase the volume of effective tidal air. 
although the percentage is reduced by increased ventilation of the 
physiological dead space, including the alveoli ventilated but not per 
fused \ccordingly, intermittent positive pressure breathing, with the 
supplementary action of bronchodilator drugs and a wetting agent, 
Increases oxygen saturation and decreases the mean oxygen gradient of 
pressure trom alveoli to arterial blood by producing a more uniform 
alveolar aeration, dilating the bronchioles and inflating those alveoli 
obstructed mechanically by inspissated mucus and accentuated in their 
dysfunction by loss of pulmonary elasticity. It has been emphasized 
that intermittent positive pressure breathing does not improve the oxy- 
gen transfer in the normally ventilated alveolus, and there is no effect 
on the alveolus, still perfused but unventilated, as in complete blockage 
of the bronchioli, Furthermore, there is no improvement in the fune- 
tion of alveoli when their ventilatory capacity is preserved but perfusion 
is lacking. Measurements following a course of intermittent positive 
pressure breathing have consistently revealed an increase of maximal 
breathing capacity, the average being about 20 per cent; increases of 
over 100 per cent were noted in a few cases. The vital capacity was 
usually slightly elevated. The measurements indicate that the decreased 
breathing resistance, especially on inspiration after intermittent positive 
pressure breathing, is primarily responsible for the improvement of 
dyspnea 
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In the present consideration of therapy the static nature of silicosis 
and the reversible aspects of the complicating pulmonary conditions have 
been stressed. Experience indicates that intermittent positive pressure 
breathing, with the supplementary use of bronchodilator drugs and 
diaphragmatic elevation, provides a definite means for pulmonary reha- 
bilitation. It appears from the clinical and physiological evaluation of 
the treatments that the processes related to infection and the deposition 
of various dusts may outstrip the fundamental condition of silicosis in 
causing significant signs and symptoms. The roentgenograms have 
not been useful in judging the degree of improvement due to treatment 
It appears that while silicosis is a progressive, disabling condition, a 
dynamic approach of therapy is indicated with reference to the rehabili- 
tation of pulmonary tissue that is not totally involved in silica action. 


SUMMARY 


The pathological changes and the physiological dysfunction of sili 
cosis are discussed, with the proposal that disturbances arising from 
reversible tissue reactions of the lungs are factors in the cause of dyspnea 
and inadequate bronchial drainage. 

The mechanism and the results of intermittent positive pressure 
breathing treatment with the supplementary use of bronchodilator drugs 
and diaphragmatic elevation are described 

Clinical improvement is manifested by an initial increase of expec- 
toration and subsequently by relief from the dyspnea occurring with 
exercise, the asthma-like attacks and the racking cough 


Physiologic improvement, as determined with function testing, is 


attributed to more effective alveolar aeration and bronchial drainage. 
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RAILROAD RETIREMENT BOARD DISABILITY ANNUITIES 


S. C. WERCH, MD. 
Medical Officer, Railroad Retirement Board 
CHICAGO 


T IS UNIVERSALLY agreed that the evaluation of claims of dis- 
ability is not a simple matter and that its principles and practice are 
still evolving. The experiences with any disability annuity plan should 


therefore be of interest Those of the Division of Disability Determi 


nations of the Rhilroad Retirement Board in the evaluation of disability 


annuity claims are here being offered for consideration As 125,000 
initial claims of disability have been handled during the past 13 years, 
with a present rdte of about 15,000 a year, and as “occupational,” as well 
as “total and permanent” annuities are administered under the Railroad 
Retirement Act,jit is reasonable to suppose that much may be learned 
from the review. What may be learned may contribute to the admin- 
istration of the Railroad Retirement .\ct, and, also, should be of interest 
to those administering other retirement plans or concerned with any of 


the various problems of pensioning 


BACKGROUND OF THE RAILROAD RETIREMENT ACTS 

Phe generally more advanced system of retirement, death, unemploy- 
ment and sickness benefits established for railroad workers has an 
interesting historical basis 

In the latter part of the last century the problem of providing for the 
orderly retirement of workers was becoming general in) American 
industrial life. The railroad industry, being one of the oldest in the 
country, was the first to encounter this problem and experienced it in its 
most acute form. The situation was intensified by the reduction of 
railroad employment in the years following World War l—a reduction 
which fell most heavily on the short service, younger employees and 
which therefore increased the proportion of older employees with long 
years of service. Contributing to this accumulation of older workers 
were the special labor requirements and employment practices of the 
industry. The specialized nature of railroad operations requires trained 
and experienced personnel, available for service and subject to call on 
short notice. Because of this need, there early developed a seniority 
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system by which rights to jobs, promotions to higher grade jobs, reten- 
tion in service during periods of declining employment and recall to 
service of furloughed workers are all based on length of service. This 
system, combined with relatively high wages in some occupations and 
generally good working conditions, assured the roads a stable and com 
petent personnel. Also, by providing the older worker with some, security 
of job and income, it encouraged continued and faithful service. Even 
though the companies could ill afford, out of consideration of safety, to 
take chances with aged and infirm employees, they were naturally reluc 
tant to cast them adrift. Such a procedure would arouse public ill-will 
and at the same time impede the ability of the railroads to acquire and 
keep the kind of personnel they needed 

The railroads attempted to solve the problem by means of private 
pension plans. Some were adopted as early as 70 years ago. By 1933 
more than SO per cent of the railroad employees were covered, with the 
roads maintaining these systems employing 95 per cent of the total rail 
road labor force. With few or no exceptions these plans were non 
contributory (the railroads paying all the costs), noncontractual (the 
carrier reserving the right to terminate or change them), nonfunded 
(financed out of operating revenues, with no reserves established for 
heavy future payments) and company administered (the companies 
being the sole administrators ). 

rhe railroad pension plans had certain unavoidable limitations which 
prevented them from providing satisfactorily for all who had grown old 
in the industry. Many employees worked for companies with no pension 
provisions or were not themselves covered by such provisions if these 
existed. Moreover, the amounts of individual pensions varied greatly 
While some were relatively liberal, others were low. For large numbers 
of employees they were inadequate to provide a satisfactory level of 
security after retirement. 

The railroad pension plans were controlled by the companies and 
contained no provisions guaranteeing that pensions would not be reduced 
or discontinued. As the system grew older, payments became relatively 
heavier. Since costs were financed on a pay-as-you-go basis, and no 
funds had been established to provide for these costs, it became less and 
less likely that the railroads would be able to continue to make payments 
indefinitely without reduction. During the depression of the 1930's they 
became less liberal in granting pensions, at the same time that long 
layoffs decreased the number eligible under the terms of the systems. As 
a result, the number of retirements on pension tended to decrease during 
the depression and to be confined mainly to persons retired for disability. 

The railroad brotherhoods attempted to meet, at least partially, the 
problems of the older and disabled members by adopting various types 


of insurance and pension plans. On the whole the trade union pension 
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plans at no time covered a sizable proportion of the workers in the 
industry and did not offer the solution to the retirement problem 

seginning in the early twenties, the railroad labor organizations and 
rank-and-file workers were becoming increasingly dissatisfied with the 
operation of the employer pension plans, and a strong movement to 
secure a more comprehensive and adequate national retirement system 
developed. The issue was brought to a head during the depression, when 
several rank-and-file groups, in 1931 and 1932, secured the introduction 
of retirement bills in Congress. The Railway "Labor Executives’ Asso 
ciation, in the meantime, was discussing the feasibility of a national 
retirement msurance plan as early as 1929 and requested legislation to 
that effect at wage conferences in 1931. The Association had already 
appointed in 1930 a subcommittee, which studied the problem and in 
1932 secured the introduction in Congress of a bill embodying the views 
ot the standard railway labor organizations. This was eventually enacted 
as the Railroad Retirement Act of 1934 

Just as im the case of retirement, so in the case of unemployment, 
there were basic reasons for the establishment of a separate system for 
railroad workers. During the depression more and more railroad men 
were unemployed, while many were only partially employed. In one of 
the earlier moves to aid the unemployed railroad workers, the Railway 
Labor Executives’ Association, in 1933, adopted as part of its legislative 
program a proposal to enact a federal law requiring railroads to create 
pay roll reserves earmarked for the purpose of stabilizing employment 
and paying wages to the unemployed. During the next few years, several 
governmental agencies proposed the creation of a federal system of con- 
tributory unemployment insurance for the railroad industry. The Social 
Security Act, however, enacted in 1935, did not provide for such a 
separate system and the state unemployment compensation laws sub- 
sequently adopted included railroad employees in their coverage 

Experience under the state laws soon demonstrated the desirability 
of a separate and uniform national system of unemployment insurance 
for railroad workers. Labor relations in the industry are not conducted 
on a localized basis. Wages, hours and working conditions are estab- 
lished through agreements which cut across state lines. Moreover. there 
is normally a considerable amount of transfer of employees among the 
states. Because of these special characteristics of railroad employment 
and because the unemployment insurance laws of the several states were 
far trom uniform, the railroad workers found that benefits for unemploy- 
ment were greatly affected by the location of their jobs. Workers doing 
simular work for the same employer but residing in different states often 
received widely different amounts of benefits for the same amount of 
unemployment. Some discovered that they were eligible for benefits in 
more than one state; others, that the peculiarity of the coverage pro- 
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visions prevented them from obtaining benefits in anv state. The Railw ay 
Labor Executives’ Association continued, therefore, to press for a 
separate national system divorced from the state laws. Its efforts finally 
met with success when the Railroad Unemployment Insurance Act was 
enacted in 1938. 

The Railroad Retirement Act and the Railroad Unemployment 
Insurance Act underwent many changes after they were first adopted in 
1934 and 1938, respectively. It is interesting to note that the former as 
amended in 1937 is the only instance in the United States in which labor 
and management cooperated in arriving at a specific retirement plan to 
be made compulsory for an industry through legislation. 

The original Railroad Retirement and Railroad Unemployment Insur- 
ance Acts were further revised and liberalized in subsequent years. The 
most far-reaching amendments to both laws were those enacted in 1946. 
It was these amendments that introduced monthly death benefits for 
dependents and unemployment benefits for workers who were disabled 
by sickness, including maternity. It is since the enactment of these same 
amendments that railway labor has had the most advanced and com- 
prehensive insurance program in the 

The 1937 Act then, with its amendments, made during succeeding 
years, is the basis for the administration of the present federal railroad 
retirement system. As the result of the agreement between represent- 
atives of the standard railway labor unions and railway management, 
railroad employees assumed one half of the cost, employers the other half, 
and a federal board (composed of a public member as chairman, and two 
other members, representing railway management and railway labor, 
respectively) was created to administer the system. 


DISABILITY PROVISIONS 


The Division of Disability Determinations of the Railroad Retirement 
Board evaluates initial claims of disability as they apply to two sections 
of the Railroad Retirement Act, viz., section 2(a) 4 and 2(a) 5. \pphi 
cations which conform to the first-named section are the “occupational” 
cases, while those conforming to the second are the “total and per- 
manent,” or “T and P,” cases.’ 

One of the most important advances in obtaining protection for 
employees against the economic hazards of disability is the provision for 
annuities based on occupational disability contained in the 1946 amend 
ments to the Railroad Retirement Act. Under this provision, section 
2(a) 4, an employee whose physical or mental condition is such as to 
disqualify him permanently for work in his regular occupation, is eligible 


1. Railroad Retirement Acts and Railroad Unemployment Insurance Act 
amended July 31, 1946, Chicago, Railroad Retirement 1946 
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lor a retirement annuity if he has a “current connection with the railroad 

industry” and either has 20 vears of credited service or is 60 years of age 
Section 2(a) 5 of the Railroad Retirement Act provides annuities for 

employees whose permanent physical or mental condition is such that 

they are unable to engage in am regular employment and who have 

completed 10 years of service or have attained the age of 60. 

\ railroad worker's “regular occupation” is the occupation in which 


he worked (1) longer than in anv other occupation during the last five 
g 


years (not necessarily consecutive) in which he was employed or (2) at 
least half of all the months he was employed during the last consecutive 
15 vears. He must have spent some time in that occupation in the rail 
‘ road industry, In determining the number of months which he spent in 
a particular occupation, employment that occupation outside the 
: railroad industry is taken into account 
The applicant has a “current connection with the railroad industry” 
if he worked for a railroad in at least 12 out of the last 30 months before 
the month in which his annuity begins, or out of anv other 20 month 
period provided he had no regular nonrailroad employment after that 
period 
The Railroad Retirement Act of 1935 involved the concept of occu 
pational disability, for disability retirements under that act were made 
in cases in which the applicant was merely “retired by the carrier on 


account of mental or physical disability.’ he Act of 1937, however. 
] ; limited the granting of disability annuities to those who were both 
i totally and permanently disabled. In other words. not until the amend 


ments of 1946 were passed by Congress did the “occupational” concept 
become an enduring part of the Railroad Retirement Act These 
amendments took into consideration the claim “that men who have spent 
all or the major part of their working lives on railroads, and who. 
because of physical or mental conditions, could not continue in. theit 
usual jobs, cannot normally secure employment even though there are 
employments, the duties of which they could, if there were the oppor 
tunity, competently perform.” 


DISABILITY EVALUATION 
Problems.—The objective evaluation of claims of disability, as pro- 

vided by the Railroad Retirement Act, poses many difficult problems. - 
lo which section of the Act a disability annuity application belongs, 

whether a “current connection” is present, or what the “regular occupa 


tion” may he, depends on the legal provisions of the Railroad Retirement 


Railroad Retirement. Hearings Betore the Committee on 


Interstate and 
Foreign Commerce, United States House of 


Representatives, Seventy-Ninth Con 
gress, First Session, H. R. 1362, 1945, statement by Murray W. Latimer, p. 31. 


q 
re 
¥ 
Be 
2 
ai 
ee 
4 
Pat 


WERCH—RAILROAD DISABILIT) 


INNUITIES 379 
\ct. Disability evaluation, on the other hand, is a medical problem and, 
moreover, not a simple one. 

Disability evaluation is a medical problem because disability has 
reference to either a mental or a physical disablement, the medical status 
of the applicant. When a disability is claimed, the claim is based either 
on an injury or on an active disease process, or the sequelae or the 


complications of an injury or a disease. Disability annuities, however, 


are payable only on the conclusion that a disability exists, that it is 
permanent in character and that it is of sufficient severity to prevent the 
claimant from working regularly in his own occupation (for occupational 
disability) or in any other occupation (for total and permanent dis 
ability ). 

Disability evaluation is a complex medical problem not only because 
it is innately difficult but also because there is complete dependence on 
the medical information part of the report of a physical examination. 
Because the medical officers of the Railroad Retirement Board are 


trained and experienced in the various specialties of medicine, they are 
well able to evaluate the reports submitted with the applications for 
disability annuities. 

\ disability being considered under section 2(a) 4 of the Railroad 
Retirement Act is evaluated differently from one examined under 
section 2(a) 5, because the provisions are different \lthough in both 
instances the disability must be permanent, for occupational cases the 
standards are a guide to determining only whether the applicant is no 
longer able to work at his regular occupation. Such standards must 
necessarily vary according to the type of employment and, in the main, 
are less strict than those which are a guide for T and P cases. On the 
other hand, standards for disabilities which are total as well as per- 
manent, the applicant being unable to be emploved at any type of work, 
are not designed with a view to the occupation in which he was 
employed by a railroad. The kind of work he was doing is not involved. 
Rather, in such cases the test is whether or not the applicant can be 
employed for hire at any time 

The standards adopted by the Railroad Retirement Board for T and 
P disablement are like those which have been accepted by other organiza- 
tions administering total and permanent disability annuities. Standards 
for occupational disability, on the other hand, were developed by the 
Board with the railroad industry in mind and with the cooperation of 
employees and employers. In order to simplify administration, the more 
than 2,000 railroad occupations were classified into fight groups accord- 
ing to the physical requirements of the jobs included in each. For each 

3. Provisional Occupational Disability Rating Schedule, United States Railroad 
Retirement Board, Jan. 1, 1947. Schedule for Rating Disabilities, Veterans Adminis- 
tration, Washington, D. C., United States Government Printing Office, 1945 
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of these eight occupational groups, standards for occupational disability 
were set up. Since the mental and physical demands of the occupations 
are not the same, the medical standards for the occupational family 
groups differ from one another. 

experience in the field of disability evaluation has shown that if 
occupational standards are to be practical they must be flexible and 
must be interpreted in the light of all facts bearing on the claimant's 
ability or inability to perform the duties of his occupation. There are 
many instances in which a worker actually meets the requirements of 
the standards and nevertheless continues to perform the duties of his 
occupation in a highly efficient and satisfactory manner. On the other 
hand, there are persons who do not meet the standards but, because of 
their general outlook on life or because of other similar reasons, are 
unable to continue in their occupations, This, of course, is due to the 
human element, which cannot be measured in terms of standards or 
other known disability evaluation formulas. Such elements cannot be 
ignored, not only because they in themselves may be the cause of a 
disability but also because they often overlay an impairment of another 
cause 

The problem of the medical evaluation is also complicated by the 
flexible character of the disability standards. Difficulties arise not only 
from the specifications of the Act and the differences in the standards 
for the two types of cases dealt with but also because disability standards 
can never be static qualities. Disability standards depend greatly on the 
state of medical knowledge, and vary accordingly. Advances in medical 
knowledge are reflected in changing standards. disease that once mav 
have been a permanent illness is later a temporary or nondisabling one 
because of a new treatment. Thus it is understandable that disability 
standards must be constantly changing to keep current 

If it appears that a standard or standards do not conform to the 
requirements of the Act in any specific case, the committee on standards 
studies and investigates the matter in the light of all facts involved, 


and if the facts warrant, changes are made in the standards. It is only 


through this process that the experience of the Board may be used in 
eventually improving and perfecting the standards in the several 
occupations of the railroad industry. 


Disability standards must be kept up to date not only because of 
the changing state of medical knowledge but also because of what is 
learned from the experiences associated with the evaluation of claims 
of disabilitv. The accuracy of a disability determination is actually a 
test of how well disability evidence is evaluated. In any case, what 
is learned from the experiences may permit a better understanding of 
the proper use of the disability standards or may be enlightening to the 
point where changes in the standards can be recommended. Thus a 


{ 
‘ 
5 
| 
iz 
} 
3 
we 
is 
| 


WERCH—RAILROAD DISABILITY ANNUITIES 381 


review of the experience associated with the evaluation of claims of 
disability is advisable if only from the standpoint of the general problem 
of disability determination. 

Employees whose claims are being evaluated under the occupational 
disability standards and found to meet these standards may, in many 
instances, also be totally disabled. Such a claimant’s disability 1s 
evaluated under the occupational standards mainly because the legal 
aspects pertaining to the occupational provisions were met 

The administration of a disability annuity plan, however, is not 
entirely a medical problem; it involves economic, legal and_ social 
problems as well. A review of past experiences might be designed, 
therefore, to contribute to the solution of more than one of the problems. 
How it may facilitate the work of lawyers forming suitable legislation or 
aid actuaries and statisticians working with economists and sociologists 
on retirement problems is readily apparent. 

Polictes —When Congress provided annuities under the Railroad 
Retirement Act for permanent disabilities, the Railroad Retirement 
Board realized that the success of administering such legislation depended 
greatly on the establishment of a sound administrative policy. With 
this in mind, the Board first established a nucleus of trained, professional 
personnel for the Division of Disability Determinations. In addition, 
the Board considered well the problems of disability evaluation. All 


of this resulted in the adoption of regulations assuring the objective 


evaluation of disability claims. The importance of guarding against 
malingering was acknowledged, but it was considered equally important 
to guard against the possibility of denying claims based on permanent 
disability that should be granted. Many persons have no private source 
of income, and during illness, though their earnings are cut off, their 
expenses increase. 

Regulations of the Board provide that disability should be evaluated 
only on the medical evidence submitted from authorized sources. These 
include (1) carrier or railroad surgeons, (2) physicians designated by 
the Board to make physical examinations and (3) medical departments 
of the Veterans Administration, the Armed Services and the Public 
Health Service. A statement of the personal observation of a Board 
representative concerning an obvious and static disability is also accept- 
able. 

The railroad surgeon’s report of findings is dependent on the 
applicant’s authorization of the release of such confidential and privileged 
medical data and is forwarded to the Board as a courtesy. Much of the 
medical evidence part of a disability claim is obtained in this manner, 
for the majority of the railroads employing the largest percentage of 
the railroad population cooperate with the Board in this respect 
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Selected physicians residing in various parts of the 


country can be 
designated by the Box 


urd to make physical examinations They include 


specialists in all the branches of medicine. as well as general practition- 


designated physicians by 
soard when medical evidence is absent, when it 
is inadequate or when it needs to be supy 


ers. Examinations are requested from these 
the physicians of the 


jlemented or substantiated. The 
Board accepts financial responsibility for all such examinations. 
When it appears that hospital study is required, 


or when unusual 
highly specialized examinations become 


necessary, the medical facilities 
of the Veterans Administration can be utilized, 


\n arrangement has 
been ettected with the Veterans 


\dministration to examine or hospitalize 
at their facilities, at a reasonable cost, the applic 


ants authorized by the 
Board to report to them. 


The suitable facility closest to the applicant's 
place of abode is always selected 
Railroad employees who are veterans. | 


fore applying for a dis 
ability annuity, 


often have had physical examinations made by physicians 
of the Veterans Administration, the \rmed 


Services or the Public 
Health Service or have been | 


lospitalized at one of the many facilities 
of these organizations. Medical data obtained in 


he employed by the physicians of the Board i 
Such data are secured from the Veterans 


this manner also may 
n disability evaluation 
\dministration when a request 
is directed to the manager of a hospital or the he 


by referring to the proper letter of authority. Similar medical data, if 
available at other ¢ 


government organizations, are secured by writing to 
the proper officer, provided the | 
of the data 


ad of a regional office, 


verson concerned has authorized a release 


Claims of disability are often supported by statements obtained from 


private physicians or by records from attending physicians and civilian 


hospitals. Since reports from authorized sources are 


required, a disability 
determination cannot be based only on rn 


mauthorized medical evidence 


Such medical evidence. however, is welcomed by the toard, becomes 


part of the application for a disability annuity 


and is utilized in the 
evaluation of the claim. Since 


nonauthorized medical evidence is 
by persons without knowledge of the legal pro 
visions of the Railroad Retirement 


generally submitted 


\ct, it is practically alwavs made 


without consideration of the Act This is not to say that reports from 


these sources are inaccurate or that the opinions included are not 


respected. E-ven if they contribute substantially to the medical evidence 


part of a claim, such reports, nevertheless, have to be interpreted in the 


light of the provisions of the Railroad Retirement \ct 
Procedures From the foregoing discussions of the policy of the 


Railroad Retirement Board. it should be understandable why certain 


steps are followed in the medical interpretation of the 


information 
nature and ts con 
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cerned with a diagnosis and the clinical and laboratory findings support- 
ing the diagnosis. 

If no medical data accompany an application for a disability annuity, 
the procedure of having the applicant examined by a designated physician 
is instituted or a report of an examination made by a carrier surgeon of 
a cooperating railroad is requested. If medical information from these 
sources 1s included with a file when it first reaches the Division of 
Disability Determinations, the steps of disability evaluation are instituted 
immediately. 

The first step in evaluating a claim of disability is to determine 
whether a disability exists and of what it is composed. In other words, 
is the claim based on an active disease or an injury? If an. active 
disease is present, the chances of possible recovery or progressive 
infirmity must be weighed. If an injury has been suffered, the degree 


of injury must be accurately determined. When sequelae and compli- 


cations have developed, following either a disease or an injury, they, 
too, must be fully ascertained. All phases of the nature of the claim of 
disability must be resolved 

The next, and probably the most difficult, of the steps is the con- 
sideration of permanency. If the annuity is to be granted, the medical 
evidence enclosed with a claim must indicate that the disability is such 
that it will continue throughout the lifetime of the claimant. Since the 
ascertainment of permanency must be made only on medical reports, 
complete reports are essential. Not only must a diagnosis be offered, 
but the history and an account of the signs, symptoms and findings of 
special tests on which the diagnosis was made and on which disability 
is claimed also must be submitted. A statement of opinion that a dis- 
ability is permanent, total or occupational is not adequate for the 
objective evaluation of a disability. In other words, the claim of dis- 
ability must be based on, and presented with, definite pathological 
evidence or recognizable personality change as well as on the chronicity 
of the condition. 

Very often medical evidence must be developed. If the medical 
information part of a file is inadequate at any one of the steps of dis- 
ability evaluation, even if presented on one of the established forms, 
further information is requested from the source of the report, or a 
special examination is initiated. When further information is requested, 
the kind of information desired is clearly stated. When a_ special 
examination 1s found necessary, the proper medical specialist must be 
designated. Sometimes these actions must be repeated several times, and 
when disability evaluation is finally possible, medical data have been 
obtained from all the various sources of such information. Although 
multiple examinations prolong the adjudication process, the authorization 
of such examinations takes into consideration the best interest of the 
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applicant. Without such examinations a claim which eventually proves 
to be valid might have to be denied. 

\iter it has been decided that a disability is permanent, it is next 
necessary to determine whether it is total or occupational, depending 
of course on the provisions of the Railroad Retirement Act under which 
the case is being considered. If the medical evidence is adequate, 
whether or not a disability is total depends primarily on whether or 
not the physical and mental standards for total disability are met. This 
is also true of occupational disability, except that the duties of the 
occupation in question, as well as the standards pertaining to it, enter 
into the decision, Occupational standards, of course, take into con 


sideration such factors as the climate of the applicant's place of work, 
as well as his physical or mental capacity. The decision concerning the 
: existence of total or occupational disability, consequently, can be as 
a difficult to make as that of permanency. 

If a disability is obvious, it is possible that the steps of disability 
evaluation might be readily applied and disability quickly determined. 
(mn the other hand, if a disability is obscure, disability evaluation, from 
the standpoint of the principles on which the steps are based, certainly 

requires the presence of ample medical evidence. 
| If a leg is amputated, the disability is obvious. Since it is permanent, 
it 1s necessary only to determine the degree of disability. An employee 
with one leg amputated cannot perform the duties of a switchman, who 


must be able to get on and off moving trains or perform other duties 
of a similar and hazardous nature. It is possible, however, for such an 


employee to perform the duties of many occupations which are not as 
physically exacting and hazardous as the duties of a railroad switchman 
It is common knowledge that many persons with one leg amputated are 
employed in clerical positions and perform their duties efficiently. li 
the work is done sitting, it is not necessary even to wear a prosthesis, 
which would be essential if the work required standing. 

: From the standpoint of disability evaluation it is often important 
to determine whether a prosthesis can be worn successfully. For 


example, a young person with a midthigh amputation and a good stump 
is generally easily fitted with a prosthesis and learns to use it compara- 
tively quickly. The performance of duties requiring standing is quite 
possible for such a person. Conversely, if an older person is involved, or 
if the amputation is close to the hip joint, leaving. little if any stump, ° 
the use of a prosthesis is questionable or impossible. Under such cir- 
cumstances it is not believed that the applicant would be able to perform 
the duties in an occupation requiring any amount of standing or walking. 

If a heart disease is the ground for a claim of disability, the dis- 
ability may well be obscure. For instance, arteriosclerotic heart disease 


may or may not he associated with heart failure. Similarly, the diagnosis 
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of myocarditis by itself does not suggest disability or decompensation 
of the heart. In such cases disability might be indicated by the objective 
findings of a physical examination and special tests. When such a claim 
is well supported by the pulse rate, the respiration rate, the blood 
pressure, the size of the heart, the electrocardiogram, the roentgenogram, 
the urinalysis, the blood analysis, ete., disability might be ascertained 
Disability evaluation cannot be made only on a diagnosis 

From the complex and serious responsibilities associated with 
disability evaluation it is readily seen that physicians concerned with 
disability evaluation must have a wide knowledge and experience not 
only of medicine but also of specific job requirements. Only well trained 
and experienced medical personnel can correlate or develop and finally 
interpret the facts that are necessary for granting or denying disability 
annuities under the Railroad Retirement Act 


DISABILITY EVALUATION IN OPERATION 


Sources of Medical Reports.—The following two studies, concerned 
with the number, sources and kinds of medical reports utilized in the 
evaluation of disability claims, illustrate how the policies and procedures 
of the Railroad Retirement Board operate in practice. 

Number and sources of medical reports were examined in the first 
study. Both occupational and total and permanent disability cases, 
numbering 1,481 during a designated period, were examined. ‘The 
results obtained are summarized in tables 1 and 2 and will be con- 
sidered here according to the type of case and the decision rendered. 

Occupational claims on which annuities were granted numbered 
1,028, and 1,583 medical reports were utilized for the evaluations—an 
average of 1.54 reports per case. Reports from designated examiners 
made up 38.5 per cent of the total, from private physicians 16.7 per 
cent, from carrier surgeons 38.5 per cent, from Veterans Administration 
3.2 per cent and from hospitals 3.1 per cent. In 63 per cent of the cases 
an annuity was granted on the basis of one medical report; thus 2,46 
reports per case were utilized in deciding the remaining 37 per cent of 
the cases. 

Occupational claims denied numbered 106, and 204 medical reports 
were utilized for the evaluations. The average, then, was 1.92 reports 
per case. The reports from carrier surgeons made up 19.6 per cent 
of the total, from Veterans Administration 4.9 per cent, from designated 
examiners 54.0 per cent, from private physicians 21.0 per cent and 


from hospitals 0.5 per cent. Occupational claims for which only one 
medical report was employed for denial made up 36.8 per cent of the 


total. In other words, 63.2 per cent of such cases required an average 
of 2.46 reports per case for a decision. 
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The number of claims of T and P disability on which an annuity 


was granted was 212, and 424 records of medical examinations were 


employed for the determinations—an average of 2 records per case. 
Records from carrier surgeons made up 19.6 per cent of the total, from 
Veterans Administration 6.6 per cent, from designated examiners 47.4 


per cent, from private physicians 19.8 per cent and from hospitals 6.6 per 


l.—-Sources of Medical Reports 


Oeceupational Disability T and P Disability 


(iranted Denied Ciranted Denied 


Decisions and Reports Number Per Cent Number Per Cent Number Per Cent Number Per ¢ 


Decisions 1, 


Reports, 


total 


Carrier surgeon 


Veterans Administration 2 10 49 t 1 4 
Iesignated examiner on aS lle MoO 474 
Private physician 16.5 43 21.0 61 


Hospital 


Tarte 2.—Number of Reports Required for Decisions 


Occupational Disability T and P Disability 


Granted Denied Granted Denied 


Al Decisions and Reports Required Number Per Cent Number Per Cent Number Per Cent Number Per Cent 
Decisions, tota 1,028 100.0 212 100.0 135 100.0 
report fas 36.8 40.7 444 
reports 25.5 a 36.6 27 26.7 
reports 7 7.7 21 19.8 uw) 14.2 2 Is 
i reports 24 19 61 6.7 


reports 


more 


reports 


Reports, total 1,58 100.0 100.0 424 100.0 


Average number per decision 1.4 1. 


Dewisions 


based on or more 


eports “7 6.2 1 7 


\verage per deelsion, 


based of or more reports 2.46 46 2.88 2.77 


cent. Ome medical record was utilized in granting annuities in 46.7 


per cent of the cases; in the remaining 53.3 per cent, an average of 2.88 


records per case were employed 
Claims of T and P disability denied numbered 135, Reports of 
medical examinations employed in their evaluation numbered 268. or 


an average of 1.99 reports per claim. Carrier surgeons’ reports made 
up 11.6 per cent of the total, Veterans Administration’s 4.1 per cent, 
designated examiners’ 59.3 per cent, private physicians’ 22.8 per cent 
and hospitals’ 2.2 per cent. Since 44.4 per cent of the T and P disability 
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claims were denied on the basis of one medical report, 55.6 per cent 
required an average of 2.77 reports per claim 


It was found of interest to determine also the number of cases for 
which carrier reports were available and which had to be supplemented 
by a report from a designated physician before a determination could 
be made. Among the occupational annuities granted, 15 per cent 
represented such cases ; and of those denied, 45 per cent (table 3). For 
the T and P annuities, the percentages were 35 and 58, respectively. 
When considered together, 20.5 per cent of the cases with carrier reports 
required reports of medical examinations from designated examiners 
before a decision could be made. 

When all the cases are considered only according to the number of 
reports, as in table 2, it appears that a great many cases can be 
adjudicated on the medical evidence enclosed in one report of examina- 
tion. This is understandable, since all of such reports come either from 
carrier surgeons or designated examiners, physicians who are familiar 
with disability evaluation as well as with the Railroad Retirement Act. 


Taste 3.—Carrier Reports for Which Supplemental Reports Were Required 


Designated Examiner Reports 
Supplementing Carrier 


Carrier Surgeon Reports 
Surgeon 
Decisnon Reports Number Per Cent 
Occupational, granted ol we 15 
(wenpational, « Is fo 
T and P, granted x 20 


T and P, denied 


It also appears that most of the cases requiring more than one report 
of examination for evaluation, whether T and I’ or occupational dis 


ability claims, can be adjudicated with two, or at the most three, 


examination reports. The number of cases in which four, five and six 
or more examination reports were employed make up very small 
percentages of all the cases. It probably is of interest to note, also, 


that one case in which an occupational annuity was granted required 


10 medical reports before a decision could be made, and that one T 
and P case in which an annuity was granted required nine examination 
reports for a decision. 


The data pertaining to the average number of reports per case 
found necessary in the adjudication of the different types of cases 
suggest the possibility that many claims are more difficult to evaluate 
than others. Apparently, the decision regarding whether to grant or 
deny a T and P claim can be rendered on about the same amount of 
medical evidence. More medical evidence, however, is necessary for 


the decision to deny an occupational claim than for the decision to grant 
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one. The amount of medical evidence necessary to deny an occupational 
claim is practically equal to that required to grant or deny a T and P 
claim, suggesting that the problem of adjudication is similar in scope. 
However, annuities are granted on the basis of a single medical report 
in a greater proportion of occupational disability cases than of cases 
of T and P disabilities, and, on an average, more medical evidence is 
required to grant an annuity in a case being considered under the 
T and P provisions than in a case under the occupational disability 
provisions of the Act. 

If one compares the data relative to the average number of reports 
concerning cases requiring two or more medical reports, one may again 
discern that more evidence is required to evaluate T and P claims 
than occupational. Although these averages indicate that the amount 
of medical evidence required either to grant or to deny T and I’ claims 
is the same, practically twice as many occupational claims denied an 
annuity belong to the group of difficult cases, those requiring more 
than one report, whereas such cases may be said to be quite equally 
distributed among T and P claims granted or denied. All this, of course, 
might be expected a priori from the definitions of occupational and 
T and P disability included in the Railroad Retirement Act. 

Kind of Medical Reports.—Designated examinations are initiated 
for the purpose of developing medical evidence sufficient to permit dis- 
ability evaluation. These include any of the recognized examinations 
carried out for diagnostic purposes, but it may be well to explain how 
some of them are employed by the soard 

In those cases in which no medical evidence is available when the 
claim reaches the Division of Disability Determinations, and in those 
for which special medical study does not appear to be indicated, a 
general physical examination is requested. Sometimes one or more of 
the bodily systems (cardiovascular, musculoskeletal, etc.) are pointed 
out for emphasis, but all these examinations are carried out by general 
practitioners. 

When further medical evidence is desired, an examination is 
requested from a physician specializing in one of the branches of 
medicine. Special study, laboratory testing or roentgen interpretation 
is requested by the physicians of the Board only if the findings reported 
are found inadequate for disability evaluation. The interpretation of 
an electrocardiogram is considered part of a special heart examination, 
and a psychiatric examination is rarely solicited alone. The request 
usually indicates a neuropsychiatric examination. In other words, a 
neurological as well as a psychiatric diagnosis is, ordinarily, desired. 

Number and kinds of examinations requested from designated 
examiners were considered in the following study. 


z 
i 
i 
q 
} 
ay 
~ 
rs 
; 
“2 


WERCH—RAILROAD DISABILIT) INNUITIES 


In a review involving 686 designated examinations made during a 
specified period, 50 per cent were general physical, 21 per cent were 
special cardiac, 12 per cent were orthopedic and 10 per cent were neuro 
psychiatric. The remainder included examinations of eyes, ears or skin, 
roentgen studies, interpretations, and studies of the blood. 

It is understandable why general physical examinations should 
make up the largest number of the designated examinations. The find- 
ings of such an examination always form the basis or the starting point 
of the medical evidence of a disability claim. Since 50 per cent of these 
examinations are sufficient of themselves for disability evaluation, 
regardless of whether the claim is made under the occupational or the 
T and P provisions of the Railroad Retirement Act, it must be con- 
cluded that they serve their purpose well 

The next largest group comprises the special heart examinations, 
making up practically 21 per cent of all the designated examinations 
and practically 41 per cent of the examinations of special nature. In 
order of degree, the other examinations of special nature are orthopedic 
and neuropsychiatric. They make up 12 and 10 per cent, respectively, 
of all designated examinations, and 23 and 20 per cent, respectively, 
of those obtained from specialists. 

The data relative to the examinations secured from specialists appear 
to indicate the possibility either that cardiovascular, orthopedic and 
neuropsychiatric diseases occur more frequently in disability claims, or 
that such diseases require the most medical evidence for a thorough 
disability evaluation. This study does not permit a final conclusion 
regarding these possibilities, but experience permits the statement that 
both very likely are concerned in accounting for their larger values. 

The remaining examinations requested by the physicians of the 
Board are obviously confirmatory studies, and make up a small part 
of all the designated examinations. This indicates, or at least suggests, 
that in a very large majority of the cases the disability evaluation made 
under the Railroad Retirement Act can be based on the reports which 
ordinarily make up the medical evidence of a claim. Confirmatory 
evidence is required in only a small percentage of the cases 


Mr. W. Matscheck, director of research of the Railroad Retirement Board 


aided in compiling the statistical data in this article. Mr. David B. Schreiber, 
associate general counsel of the Board, made available his unpublished book entitled 
“A Legislative History of the Railroad Retirement and Unemployment Insurance 
Systems.” Mr. W. B. Connell and Dr. |]. Kerekes, of the Division of Disability 
Determinations, made helpful suggestions 


The views expressed are the author's and do not necessarily reflect those of the 
Railroad Retirement Board 
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CHEMICAL CARCINOGENS 


J. R. HELLER Jr, MD. 
Director, National Cancer institute, National Institutes of Health 
BETHESDA, MD 


B YTH the industrial and the general population are being exposed to a 
growing list of chemicals, some of the biologic properties of which are 
still undetermined. There is a need for biologic assay of these substances. 
This is one way for an industry to determine whether it deals with actual 
or potential cancerigenic agents. In addition to the chemical cancerigens 
already identified, experimental animal research has shown that several 
hundred other chemical compounds have cancerigenic properties. As 
substances are being continually introduced, the job is never done. This 
is one of the reasons why the National Cancer Institute set up a 
cancerigeme study section with a laboratory. We of the National Cancer 
Institute hope to speed research by joining our efforts with those of 
industry, which has long been pursuing investigations in its own labora- 
tories, as well as with those of the universities 

lor some time, industry has been aware of the challenge of environ 
mental cancer, and it has been endeavoring to meet that challenge with 
practical solutions where scientific knowledge has permitted. The 
remarkable progress made over the past 50 vears has largely been 
achieved by industry itself. The interest shown in the past, and even 
more recently, by representatives of industry who have conferred with 
the National Cancer Institute and the Division of Industrial Hygiene of 
the Public Health Service, has been stimulating. We welcome a closer 
relationship with all of those interested, so that through cooperative 
effort there will be full protection of industrial employees and of the 
general public as well as of the interests of industry. 

This is a job that industry can do more effectively and more efficiently 
than any outside agency. Industrial physicians and management have 
the practical experience and specialized knowledge that come from living 
with the problem. The rest of the investigators are on the periphery of 


the problem. While we are anxious to be af assistance in every feasible 


Delivered at the combined meeting of the American Industrial Hygiene Asso 
cation and the American Association of Industrial Physicians and Surgeons 


Chicago, April 25, 1950 
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way, the future control of occupational environmental cancer hazards is, 
as it has been in the past, mainly a task of industry itself. 1 want to 
assure industry that there is no thought in any one’s mind to impose 
codes at a time when leadership in this field clearly belongs within 
industry itself. 

In all the research that has been done ia the field of cancer we have 
come to know or suspect the inciting cause of less than 1 per cent of all 
types of cancer. The results of research are largely concerned with 
chemical agents, some inorganic and some organic in nature. Given the 
required intensity, type and duration of exposure, agents of either of 
these groups may produce cancers in various organs. 

During the past 20 years a vast amount of research has been made 
of chemical substances. These research efforts have been rewarding, for 


we know now that some 200 chemicals are capable of producing cancer 


in appropriate experimental animals.’ Since the chemical carcinogens 
relate to controllable factors, investigators should not fail to do exhaus- 
tive research in the chemical field. The need today is for broader 
exploration. 

Tables 1 and 2 summarize the known and some of the suspected 
chemical cancerigens, along with their target organs and their points of 
exposure, and the types of cancer produced. Table 1 shows the inorganic 
group of chemical agents; table 2 presents the organic group. Those 
which have more recently come under suspicion are followed by a 
question mark. 

\lthough not yet implicated in human cancer, other environmental 
substances have produced animal cancers. Among them are estrogens, 
urethane,* certain chlorinated hydrocarbons,’ beryllium ® and selenium." 

Experimental animal research is useful in that it flags the potentially 
dangerous chemical agents. However, our investigations are slowed up 


at this point. Even though chemical agents which are hazardous in the 


1. Hartwell, J. I Survey of Compounds Which Have Been Tested for 
Careinogenic Activity, Federal Security Agency, United States Public Health 
Service, 194] 

2. Abramson, W., and Warshawsky, H Cancer of the Breast in Male, Sec 
ondary to Estrogenic Administration, J. Urol. 59:75, 1948. Fitzsimons. M. P 
Gynaecomastia in Stilboestrol Workers, Brit. J. Indust. Med. 1:235, 1944 

3. Nettleship, A.. and Henshaw, P. S Pulmonary Tumor Induction with 
Ethyl! Carbamate, J. Nat. Cancer Inst. 4:309, 1943. Henshaw, P. S Minimal 
Number of Anesthestic Treatments with Urethane Required to Induce Pulmonary 
Tumors, ibid., 4:523, 1944. 

4. Edwards, J. E Hepatomas in Mice Induced with Carbon Tetrachloride, 
J. Nat. Cancer Inst. 2:197, 194] 

5. Gardner, L. U steo-Sarcoma from Intravenous 
in Rabbit, Federation Proce. §:221, 1946 

6. Nelson, S. A.; Fitzhugh, O. G., and Calvery, H. O 


seryllium Compounds 


Liver Tumors Fol- 
lowing Cirrhosis Caused by Selenium in Rats, Cancer Research 3:230. 1943 
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laboratory have been identified, it is not easy to establish whether these 


chemicals have an identical effect in man, since the development of the 


Paste Chemicals 


Organs Affected and Types 
of Caneer 
Cutaneous Skin (basal cell and squamous 

cell carcinoma) 


Cancerigeniec Agernts lype of Contact 


Areeniculs 


Alimentary 


Respiratory Lungs (carcinomas) 
Chromates Reepiratory.. Lungs (earcinoma) 
Chrome pigments 


Niekel earbonyl Kespiratory........ Naval Sinuses (carcinoma) and 


ings (carcinoma) 


Asbestos? 


Respiratory Lungs (eareinoma) 

$ Radioactive chemicals Cutaneous Skin (carcinoma and sarcoma 
Alimentary Bones (*arecma) 
Respiratory Lungs (earecinonia) 

Systemic Blood-forming organs, lymph 


nodes (leukemia and lympho 
sarcoma’) 


Chemicals 


Organ 


Organs A flected and Types 


Cancerigenle Agents of Contact of Cancer 
a 
4 \romatic amines 
eta naphthylamine (Cutaneous Bladder, ureter, renal pelvis (car 
cinoma) 
Kenzidine Respiratory 


Alimentary 


Culaneous BKiood-forming organs, lymph 
nodes (leukemia, lymphosar 
coma |, myeloma 

Respiratory 


Coal tar, pite asphalt, soot 
bitumen, ereosoate-ofl, anthracene 


oll (3, 4-henzpyrene) Cutaneous Skin (carcinoma) 


Respiratory Lung (eareinoma) 
Fumes) 


Shale oll 


Lubricating olls 


Cutaneous Skin (carcinoma) 
Crude paraffin ofls Respiratory Lung (earcinoma’) 
Petro'eums and petroleum products 
(High Bolling) 
Lubricating oils (Cutaneous Skin (carcinoma?) 
Fuel ofls Respiratory Lung (earcinoma 


Orude paraffin ofl« 


disease in man has heen known in many instances to take manv vears 
\bout the best that we can do is to temper our experimental laboratory 
research according to the clinical pattern of the known cancerigens in 
setting up a hypothesis with which to study the chemicals which have been 
Hagged as potentially dangerous 
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For instance, the manufacture of isopropanol by-products seems to 
be unplicated in the occurrence of cancers of the nasal sinuses and lungs 
among workers employed in those operations. The osteogenic sarcomas 
produced experimentally in rabbits by injections of certain beryllium 
compounds raise the question whether similar lesions of the bones may 
ultimately develop in human beings affected by pulmonary berylliosis.’ 
Che hepatomas appearing in mice given chlorinated hydrocarbons, such 
as carbon tetrachloride,* or chloroform,’ or fed selenium® or various 
aromatic azo compounds * also raises our index of suspicion in relation 
to the human problem, 

Since carbamates are used in the manufacture of rubber, the cancer 
of the lung developing in mice treated with certain carbamates has human 
cancerigenic implications.” 

In view of the recognized carcinogenic action of soot from domestic 
sources, on man and experimental animals,'’ it appears to be pertinent 
to study the various types of commercial soots on a long range basis 
\ short term study made in plants producing carbon black has shown 
no significant increase in cancer incidence over the period of study 
but it is desirable that studies of commercial soots be continued for 15 
to 30 years, since this is the probable latent period. 

These illustrations show how research done on laboratory animals 
can serve to alert us to the chemicals which may possess potential 
cancerigeme properties in human subjects. Considering that a danget 


of the chemical cancerigens lies in the slow, almost unnoticeable harm 


that comes from contact with them, it might be wise from a preventive 


pomt of view to consider all chemical agents which have elicited cancers 
in anmnals as having the potential properties for producing cancer in 
the human organism. 

lhe results of some experimental research may be sufficiently con 
clusive to permit a fairly general prediction of the clinical analogy 


lor example, data are available to indicate that certain distillation and 
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fractionation products of coal, oil and shale which have been found to 
elicit cancers in mice have the same effect in man.’? 

It is remarkable that there is apparently no relation between toxicity 
and cancerigenicity of chemical agents. While some are highly toxic, 
others display a very low degree of toxicity. Some of the toxic ones 
are benzene, nickel carbonyl, arsenic and radioactive chemicals. Notable 
for their lack of toxicity are the cancerigenic aromatic amines. As a 
rule, the toxic dose of a chemical is definitely higher than its cancerigenic 
dose. Thus, precautionary standards suitable for coping with toxicity 
hazards in plants will prove to be inadequate for controlling cancerigenic 
hazards of the same chemicals. 

It is noteworthy for epidemiological and diagnostic reasons that some 
of the environmental cancerigens are ambivalent, inasmuch as they 
exhibit, when given in proper doses, anticancerous properties.’* It 
seems that many of the functional and anatomic reactions elicited by the 
chemical cancerigens are not related to, or a part of, the cancerization 
process. These manifestations may serve as stigmas of exposure and 
thus represent warning symptoms 

Mention should also be made of the gradually changing picture in the 
types and sites of environmental cancers observed. While the majority 
of occupational cancers caused by chemicals discovered before the turn 
of the century affected the skin, those revealed during the last four 
decades appear to affect other organs. These are aromatic amines, 
radioactive chemicals and chromates : possibly we should consider among 
these asbestos, nickel carbonyl and isopropyl oil. In general, these 
chemicals have been found to affect the bladder, bones, hemopoietic tissue 
and organs of the respiratory tract (lungs and nasal sinuses). 

Moreover, it is now recognized that certain chemical cancerigens, 
formerly related exclusively to cancer of the skin, may elicit cancers in 
other organs also. So identified are tar, mineral oil, radioactive 


12. (a) Henry, S. A.: Study of Fatal Cancer of the Scrotum from 1911 to 1935 
in Relation to Occupation, with Special Reference to Chimney Sweeping and Cot 
ton Mule Spinning, Am. J. Cancer 31:28, 1937. (b) Twort, J. M.. and Lyth. R 
Concentration ot Carcinogenic Material in Mineral Oils by Distillation Processes, 
Hyg. 29:161, 1939. (¢) Oliver, T Far and Asphalt Workers’ Epithelioma 
and Chimney Sweeps’ Cancer, Brit. M. J. 2:493, 1948 (d) Hill, A. B.. and 
Fanine, E. | Studies in the Incidence of Cancer in a Factory Handling Inor 
ganic Compounds of Arsenic, Brit. J. Indust. Med. 5:2, 1948. (¢) Neubauer, C 
Arsenical Cancer: A Review, Brit. J, Cancer 1:192, 1947 

13. Allemann, R Ueber das Blasenkarzinom und tiber jugendliche Blasen- 
geschwulsttrager, Schweiz. med. Wehnschr. 76:1009, 1946. Henschen: Chemo- 
therapeutik des Blasenkarzinoms mit Aminokérpern, Arch. f. klin. Chir. 189:19, 
1937. Haddow, A.; Harris, R. J. C., and Kon, G. A. R Inhibition of Growth 
by Amino-s-Diarylethylenes, Biochem. 3®:ii, 1945, 
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chemicals and arsenic. These have been found to produce cancers of 


the lung, the nasal sinuses, bones and hemopoietic tissue. 

During the last four decades there appears to have been a remarkable 
increase in the number of cases of lung cancer which have been attributed 
to the chemical carcinogens.'* Statistical analyses of large series of cases 
of lung cancer have failed to reflect these occupational relations. Never- 
theiess, the observations cited should be given consideration through 
studies directed at determining the cause or causes of the apparent 
increase in the frequency of lung cancer in this period. 

Even in this short discussion of the chemical cancerigens the vital 
role of epidemiology is conspicuous. Often it has been the effect of a 
chemical agent that has led to the identification of the agent as a can- 
cerigen. Field research augments the laboratory, whether it precedes or 
follows laboratory research. 

Experience has shown that epidemiological study is an effective 
means of research. Through this means we can obtain a wider knowledge 
of the nature and variety of the chemical agents. Epidemiological studies 
should take into account the known peculiarities of the recognized 
environmental and especially the occupational cancers. They should be 
sufficiently broad to include consuming industries as well as producers 
of known or suspected cancerigens, and the entire present as well as ths 
former worker population that had appreciable contact with cancerigenic 
chemicals. Special attention should be paid to any unusual frequency 
of cancer of a specific site among employees in a restricted plant depart- 
ment or operation. Where chemical cancerigens may have polluted air, 
water or soil, the surveys might well include the general population 
living in the fume or waste disposal zone 

Much of this information can be obtained from medical and employ 
ment records and can be supplemented by data from public health 
departments and insurance carriers 

\s can be seen, the gathering of epidemiological data requires 
investigation of many sources of information. In some areas a great deal 
of initiative may be necessary, because there are no apparent sources of 
information, Analyses of death certificates from various parts of a state 
or within different states may yield suggestive data as to the presence 
of a local environmental or occupational cancer hazard. Often these 
data are meager. 

14. (a) Lisco H., and Finkel, M. P Observations on Lung Pathology Fol- 
lowing the Inhalation of Radioactive Cerium, Federation Proc. 8:360, 1949. (b) 


Lorenz, E.: Radioactivity and Lung Cancer, J. Nat. Cancer Inst. $:1, 1944. (c) 
Pirchan, H., and Sikl, H.: Cancer of the Lung in Miners of Joachimsthal, Am 
J. Cancer 16:681, 1932. (d) Teleky, I Occupational Cancer of the Lung, J. 


Indust. Hyg. & Toxicol. 19:73, 1937. Hill and Fanine.'*4 Neubauer.'2¢ 
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On the other hand, if the industrial conditions are exceptionally 
simple and have acted over a long period on a rather stable population, 


it is, in general, not too difficult to ascertain the suspected occupational 


or environmental cancerigenic chemical. This is especially true if 


employment data concerning cancer patients and information about the 


substances used, produced or handled in the local industrial establish 
ments are available for long periods. 


Striking examples are those offered by the lung cancers occurring 


among the cobalt miners in Schneeberg, Saxony, in Germany.'® Another 


is the history of the pitchblende miners in Czechoslovakia.’ In these 


relatively isolated and mountainous regions the mining of cobalt and 


uranium ores in radioactive mineshafts and the production of cobalt or 


i uranium pigments and radium represent the occupational environment 
: of the population 


\s the vast amount of literature shows, industries have contributed 


and can contribute much to the field of environmental cancer if thev 


have the resources to undertake epidemiological studies. Where resources 


are not available, and industry recognizes the need, provision may be 


made for such surveys through appropriate state agencies. At the 


present time, environmental cancer surveys are being carried out by 


state agencies in New York, New Jersey, Ohio, Colorado, Pennsylvania 


and California to ascertain the relative merits of such epidemiological 


approaches in areas having highly diversified as well as_relativels 
singular industrial activities, 


In stable population groups, such as those of industry, medical 


records may provide invaluable source data. The chances of obtaining 


more definite information about cancer are usually much better if medical 


and employment records carry data which can be analyzed for the 


incidence rates and the topographic distribution of cancers among workers 


emplove din ditferent operations From data so recorded it is possible to 


determine whether a cancerigenic hazard may be present somewhere in 


the various operations of the plant, what site in the body is mainly 


affected and what type of agent and of exposure 1s most likely responsible 


for the occurrence of the cancers, if they do occur 


It is beneficial to industry itself if analytical surveys of this type 


hecome a part of the routine medical and hygienic care in all those 


Hants which produce, handle or use any of the chemical cancerigens 
| 


mentioned previously \s has been established by some plants, in 


industrial organizations where such hazards are already recognized, 


periodic analyses are useful in showing the effectiveness of the pre 


cautionary measures taken 


Hueper, W. ¢ Occupational Tumors and Allied Diseases, Springfield, TM 
Charles © Thomas, Publisher, 1942 
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Wherever it is obvious, or industry suspects, that a cancerigenic 
chemical may pollute the air, water or soil beyond the confines of the 
plant area, the cooperation of the local health department should be 
enlisted. The health department can aid industry in ascertaining whether 
or not such pollution factors may have any appreciable effect on the 
people living in the fume or waste disposal zone of plants 

Observation of neighborhood cases of berylliosis offers an illustration 
of the potential effects of such minute contaminations of the environ 
mental air." It is well to keep in mind that hazards may extend into 
the cancer field through the atmospheric release of carcinogenic chemicals 
in the form of fumes, dust, gases and vapors 

It is important in surveys conducted in industries having recognized 
or suspected cancerigenic hazards that provision be made for ascertaining 
the fate of former workers known to have sustained effective exposure. 
The inclusion of these workers is essential for the accurate calculation 
of incidence rates ot the exposed population. Of greater import, it will 
provide data for determining the minimal exposure time required to 
cause cancer. Also, it will be of value in guiding industrial management 
in future employment policies relating to the formulation of industrial 
codes and in specifying the length of time which may be considered safe 
for workers to be employed in hazardous operations 

The discovery and effective control of chemical cancerigens naturally 
require the cooperation of many persons. Broadly, it calls for the joint 
efforts of local, private and state health agencies, on one hand, and of 
industrial and labor organizations on the other. Wherever industrial 
factors extend into the environment of other states, as sometimes may be 
the case, cooperation between these many agencies and those of the 
neighborhood states will be required to effect control in the total area 

We are entering an era in which increased attention is being given 
to all health problems arising from environmental factors. Immediate 
attention is being given those which arise from pollution of the human 
environment. Counterparts to environmental cancer control may now 
be found in many other fields. Association with representatives of these 
other fields offers the opportunity to exchange information of mutual 
benefit. 

The results of environmental, and especially occupational, cancer 
investigations, whether these deal with already known or with new 
hazards, should be widely disseminated. It is extremely important that 
this information be promptly communicated to the medical profession at 


large. Since the physician is usually the first to see cancerous and pre 


16. Hardy, H., in discussion on papers of Pendergrass and Robert. Hatch. 


Corcoran, Machle, Shaver and Wilson, in Symposium on Industrial Diseases 


Radiology 50:781, 1948 
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cancerous patients, this information will alert him to existing cancer 
hazards and speed early diagnosis and treatment. With this information 
the physician is in a better position to aid materially the solution of the 
environmental cancer problem. It will enhance his opportunity to con- 
tribute to medical literature. The physician's case histories are still one 
of our best means of ascertaining occupational exposure to cancerigenic 
agents 

secause of the unusually long latent period of environmental cancers, 
it is essential that the physician’s aid be elicited in observing those former 
workers who were effectively exposed to occupational carcinogens. Not 
only will many of these workers have changed their occupations, but 
many will have moved into other states. 

Some industries have taken the initiative in setting up programs for 
medical supervision of former employees who were exposed to potent 
occupational carcinogens. This is a complex type of program to operate. 
In any program which is largely concerned with a transitory aspect, it 
is extremely difficult to obtain a 100 per cent net response. However, 
through practice and experience, improvement will be achieved. Gradu- 
ally, as the idea of this type of service spreads, cooperation may be 
expected from many groups and individuals. It is a worthy program, 
and it merits both wide cooperation and wide application. 

Our common experience in the control of other public health hazards 
has shown us that the effectiveness of control measures runs parallel to 
frank and open acknowledgment when the facts are known. This is 
well exemplified by the success of a program of the food industries in 
which employee and industrial participation brought far-reaching control 
of environmental hazards arising from tuberculosis and typhoid. A 
similar success story may be written in connection with environmental 
cancer hazards, as these are dealt with in a similar fashion. In many 
instances the success of a control program is dependent on the industrial 
organization’s taking the employee into its confidence. Since all pre- 
ventive measures are not based on mechanical devices, the intelligent 
cooperation of the exposed worker concerning the precautionary and 
preventive measures adopted by management may be required. 

Cancers caused by environmental chemical cancerigens are amenable 
to existing public health methods as to detection and control. An 
appreciable portion of the sharp drop observed in the incidence of the 
infectious diseases as well as in their death rates has been the result of 
preventive measures—that is, the elimination of contact of the population 
with the causative agents. The epidemiological characteristics and the 
nature of the chemical cancerigens leave little doubt that we can achieve 
etfective control if we apply public health methods similar to those which 
brought success in the field of infectious diseases. 
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The research that is needed to solve the mysteries of environmental 
and occupational cancer presents a challenge of tremendous proportions. 
It involves a study of thousands of case histories of cancer patients, It 
involves the devising of new technics in the gathering of case histories 
to provide much more background detail than we get in most case 
histories today. It involves the laboratory testing of suspected cancer- 
igenic agents. It involves a program of follow-up study of exposed 
workers. It involves a study of the safety procedures and preventive 
measures adopted or to be adopted in plants where carcinogenic agents 
are handled. 

In view of the lack of knowledge of where the danger lies, or the 
extent of it, no one is in a position to say today just what remedial action 
is needed. But in view of what we do know, we have to consider 
precautionary action now to protect the workers involved and the general 


public, As industry becomes cognizant ff cancerigenic agents, it will 


begin to introduce or perfect safety procedures in all its plants. In time 
there will follow provision for periodic and extensive medical supervision 
of all exposed workers. 

As we increase our understanding of all the factors involved, changes 
in industrial operation may be necessary in some cases In order to protect 
employees and the public. It is important to emphasize, however, that 
more knowledge than we now have must be acquired before such action 
would be justified in many instances. Much of the discussion today has 
been concerned with potential dangers, but attention is being given to 
them because their magnitude has not yet been fully determined. 

It is obvious that the study of chemical cancerigens will continue to 
be an active and provocative problem for some time to come Our 
knowledge will increase with the participation of scientists, of manage- 
ment and labor, of public health agencies, physicians, and the many 
individuals and groups concerned or affected by the problem. Through 
cooperative effort, fruitful results are inevitable. 
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CHRONIC EXPOSURES TO AIR POLLUTANTS AND ACUTE 
INFECTIOUS RESPIRATORY DISEASES 


ANNA M. BAETJER, Sc.D. 


Assistant Professor of Environmental Medicine, School of Hygiene and Public 
Health, The Johns Hopkins University 


BALTIMORE 


TIS ASSUMED in general that inhalation of dusts and irritant gases 

may predispose to acute infections of the respiratory tract, such as 
colds, bronchitis and pneumonia. There is, however, at the present time 
little sound evidence to support this view in the case of persons or animals 
repeatedly exposed to low concentrations of atmospheric contaminants. 
Hence, the following brief summary serves to emphasize the lack of 
information father than to provide any definite conclusions regarding the 
effects of atmospheric pollution on the susceptibility to acute infectious 
diseases of the respiratory tract. 

\ttempts have been made to obtain data bearing on this problem 
by studying the pneumonia mortality rates of the general population in 
relation to the degree of atmospheric pollution, usually measured in 
terms of sootfall. However, since general mortality rates are affected 
by so many different factors, it is difficult to determine the effect of any 
one specific factor. Furthermore, in such studies nothing is known con- 
cerning the extent or the chemical nature of the various environmental 
exposures to which these people have been subjected during their life 
time. It seems that more reliable data could be obtained by studies of the 
health of persons exposed to specific atmospheric contaminants, as in 
industries. If dusts and gases contaminating the air predispose to acute 
infections of the respiratory tract, one would expect to find a consistently 
higher incidence of these conditions among persons exposed to such 
substances in the course of their employment. The degree of exposure 
in industry would, in general, be equal to or greater than that encoun 
tered in the general atmosphere. \ second approach to this problem is 
through experimentation on animals. Although data from these two 
sources are subject to certain limitations and criticisms and although they 


may not be directly applied to the problems of atmospheric pollution, 


Presented at the Health Panel, United States Technical Conference on Ait 
Pollution, Washington, D. C.. May 4. 1950 
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they appear to offer the most reliable information available at present. 
In the following discussion examples of such data will be cited in relation 
to the more common atmospheric pollutants, such as dusts, irritant gases, 
carbon monoxide and other compounds. This review is not in any sense 
a complete survey of the data. It is presented merely as an introduction 
to this phase of the panel discussions. 


NONTOXI4 


DUSTS 


The general atmosphere contains a certain ammount of dust, consisting 
of silica, carbon and other materials. Dusts of these types are often 
found in much higher concentrations in industriai environments than 
in the general atmosphere. Hence, it is interesting to examine the inci- 
dence of acute respiratory diseases among workers who had been exposed 
for long periods to such dusts in these industries. High pneumonia rates 


have been reported frequently among foundry workers ! 


who are exposed 
to various silica and iron dusts. However, this high incidence is usually 
attributed, at least in part, to the sudden chilling which these workers 
undergo. Variable results have been reported for other industries with 
silica exposures. Although all coal miners are exposed to carbon dust, 
the rates reported for acute diseases of the respiratory tract among these 
workers have varied considerably. In some studies there appeared to be 
excessive rates, whereas in others the incidence was well below the 
expected level. Such contradictory evidence is found in other industrial 
studies. 

On the other hand, in the case of single acute dust exposures the 
effect may be different. For example, the dust storms in the Middle 
West during 1935 caused a marked increase in morbidity and mortality 
from infections of the respiratory tract.’ 

In order to study the effects of dust exposure on susceptibility to 
lobar pneumonia, a number of experiments have been carried out on 
animals in this laboratory over the past 10 vears. None of the dusts 
tested, including silica and feldspar.’ cement.’ aluminum and coal dust, 
significantly lowered the resistance of rats to lobar pneumonia, produced 
by intrabronchial injections of pneumococci type I. In fact, inhalation of 


1. Brundage, D. K.: Russell, A. E.; Jones, R. R.; Bloomfield, J. J., and 
Thompson, L. R.: Frequency of Pneumonia Among Iron and Steel Workers, 
United States Public Health Bulletin, no. 202, United States Treasury Department, 
Public Health Service, 1932 

2. Brown, E. G Dust Storms and Their Possible Effect on Health, Pub 
Health Rep. 50:1369, 1935 

3. Baetjer, A. M., and Vintinner, F. J.: Effect of Silica and Feldspar Dusts 
on Susceptibility to Lobar Pneumonia, J. Indust. Hye. & Toxicol. 26:101, 1944 

4. Baetjer, A. M.: The Effect of Portland Cement Dust on the Lungs with 
Special Reference to Susceptibility to Lobar Pneumonia, J. Indust. Hyg. & Toxicol 
29: 250, 1947. 
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silica and feldspar dust actually protected rats from the infection when 
the pneumococci were injected intrabronchially in a mucous solution but 
not when the organisms were suspended in a broth inoculum. The few 
experiments which have been performed in other laboratories have 
shown variable results. 

Thus, it appears that no conclusions can be drawn at present concern- 
ing the effects of dusts on susceptibility to acute infections of the respira- 
tory tract. 

\lthough this review is not concerned primarily with the problem of 
tuberculosis, it should be noted that inhalation of silica dust (free SiO, ) 
favors the development of tuberculosis. This is amply supported by both 
epidemiologic studies and animal experimentation.° 


SMOKF 


Although smoke produced by the burning of coal is a universal 
atmospheric contaminant, there are almost no reliable data on the effects 
of smoke on acute infections of the respiratory tract in man. Various 
attempts were made in past years to relate the high pneumonia rate 
of Pittsburgh to the smoky atmosphere of this region, but the data were 
not convincing. One study of autopsies in the Pittsburgh district indi- 
cated that the incidence of pneumonia, bronchitis and emphysema 
increased in direct proportion to the degree of pneumonoconiosis." It 
was assumed that the pneumonoconiosis was produced by the smoky 
atmosphere of Pittsburgh. Another similar investigation produced the 
Opposite result, namely, that there was no evidence of a relationship 
between the high incidence of pneumonia in the Pittsburgh area and the 
degree of pigment deposited in the lungs, although healing by organiza- 
tion of unresolved pneumonia was consistently higher in all of the more 
advanced grades of anthracosis.* 

Experiments now being conducted in this laboratory by Vintinner 
and Baetjer * have shown thus far that prolonged exposure to high con- 
centrations of smoke did not lower significantly the resistance of 


rats to lobar pneumonia produced by intrabronchial injection of type 1 


pneumococci. (The smoke was produced by the combustion of bituminous 
coal and contained from 10 to 30 p. p.m. of carbon monoxide and 0.8 

5. Kuechle, B. EF Symposium on Silicosis, An Unofficial Transcript of the 
Silicosis Symposium Held in Connection with the Trudeau School of Tuberculosis 
at Saranac Lake, N. Y., Wausau, Wis., Employers Mutual Liability Insurance Com 
pany, 1934, no. 1; 1935, no. 2; 1937, no. 3; 1939, no. 4. 

6. Schnurer, I Further Studies on Relation of Pneumoconiosis to Respiratory 
Diseases in the Pittsburgh District, ]. Indust. Hyg. & Toxicol. 20:14, 1938 

7. Haythorn, S. R., and Meller, H. B Necropsy Evidences on the Relation 
of Smoky Atmosphere to Pneumonia, Am. J]. Pub. Health 28:479, 1938. 

8. Vintinner, F. J., and Baetjer, A. M To be published 
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to 1.6 p. p.m. of sulfur dioxide. The concentration, based on analyses 
for total solids, was about 50 to 100 times greater than the average 
concentration reported for American cities by Ives and others.*). How- 
ever, data are not available as yet to determine whether these exposures 
favored spontaneous infections or produced other chronic reactions. 


IRRITANT GASES AND FUMES 


One would expect that the inhalation of irritant gases and fumes 
might lower resistance to acute infections of the respiratory tract. The 


evidence available at present, however, indicates that this is true only 


for the more acute exposures which are sufficiently severe to damage the 
mucosa of the respiratory tract.'® 

Chronic exposures, that is prolonged exposures to low concentrations 
of irritant gases, present a different problem. Theve is, at present, little, 
if any, evidence to indicate that prolonged inhalation of air containing 
sulfur dioxide, chlorine, nitrous fumes and other irritant gases in low 
concentrations lowers resistance to acute infections of the respiratory 
tract. Kehoe and others '' compared the health of 100 workers who had 
been exposed for some years to concentrations of sulfur dioxide (varying 
from about 10 to 100 p. p.m.) with that of a control group. The incidence 
of colds was not significantly different in the two groups, although the 
duration of the illness was extended in the exposed group. However, 
a significantly higher incidence of nasopharyngitis, which was considered 
as arising from the local irritation, was found in the exposed group. 
vans 


'? reported that the incidence and the death rate of pneumonia and 
other pulmonary infections were not higher than normal in men who 
were constantly exposed in their daily work to low concentrations and 
occasionally to higher concentrations of hydrofluoric acid, chlorine, 
hydrochloric acid gas, sulfur dioxide, sulfur trioxide, sulfuric acid fumes, 
phosgene and other irritant gases. 

A recent unpublished study of diseases of the respiratory tract in one 
of the west coast smelting and refining plants showed that men exposed 

9. Ives, J. E.; Britten, R. H.; Armstrong, D, W.:; Gill, W. A., and Goldman, 
F.H Atmospheric Pollution of American Cities for the Years 1931-1933, with 
Special Reference to the Solid Constituents of the Pollution, United States Public 
Health Bulletin, no. 224, United States Treasury Department, Public Health 
Service, 1936 

10. Heffron, R.: Pneumonia, with Special Reference to Pneumococcus Lobar 
Pneumonia, London, Commonwealth Fund, 1939, p. 341. Gilchrist, H. L., and 
Matz, P. B.: Residual Effects of Warfare Gases I. Chlorine; Il. Mustard, 
United States War Department, Chemical Warfare Service, 1933 

ll. Kehoe, R. A.; Machle, W. F.; Kitzmiller, K., and LeBlanc, T. J.: On the 
Effects of Prolonged Exposure to Sulphur Dioxide, J. Indust. Hyg. 14:159, 1932 

12. Evans, E. E.: An X-Ray Study of Industrial Gases on the Human Lung, 


Radiology 34:411, 1940. 


RE 
: 
a 
if 
i 
a ee 
a 


404 


NDUSTRIAL HYGIENE AND OCCUPATION i MEDICINE 


for many years to low concentrations of sulfur dioxide (below 0.5 
p. p.m.) had lower absentee rates for such diseases than other men in 
the same plant who were not so exposed. Since these rates were not 
adjusted for age, it is not possible to evaluate the data at the present 
time. 

In a report of the Donora study made by the United States Public 
Health Service (Brinton) it was stated that the frequency rates for 
diseases of the respiratory tract which caused absenteeism lasting 14 or 
more days were lower in the Donora zine and steel plants in each of the 
broad age groups than they were at two other steel mills in the western 
part of Pennsylvania, Since many of the Donora workers may have been 
exposed to irritant gases both inside and outside the plant, it seems that 
such chronic exposures did not lower resistance to the more severe acute 
: infections of the respiratory tract. Furthermore, the incidence of chronic 
: bronchitis among the residents of Donora was reported to be essentially 
: the same as that found in the National Health Survey of the United 
States as a whole 

Since the gases and fumes produced in welding (chiefly oxides of 
‘ nitrogen and metallic oxides) may be irritating to the respiratory tract, 
one might expect a higher incidence of diseases of the respiratory tract 
among welders. However, a study made at the Kaiser Shipyards '* during 


1 a the war indicated that the incidence of pneumonia among their 15,000 
; welders was not greater than the rate for all workers in these shipyards. 
; The studies quoted in the foregoing pages do not support the general 
: : belief that chronic exposures to irritant gases and fumes increase sus- 
i ceptibility to acute infections of the respiratory tract. However, data 
i of this type are subject to many limitations They are cited here chiefly 
\ i to indicate the type of data available at present and the general trend of 
' the results rather than as any real answer to the problem 
i It is interesting to note that a similar point of view appears to prevail 


with regard to tuberculosis. According to Gardner,’® neither acute nor 
chronic exposure to irritant gases lowers resistance to tuberculosis 
This view is supported by (1) studies of the tuberculosis 
of men who were gassed during World War I. (2) 


rates 
experiments 


13. Brinton, H. P Morbidity and Mortality in Air Pollution in Donora 
Pennsylvania, United States Public Health Bulletin, no 36, Federal Security 
Agency, United States Public Health Service. 1949, p. 66. 


14. Collen, M. F.; Dybdahl, G. L.. and O’Brien, G. F Study of Pneumonia 


in Shipbuilding Industry: Epidemiology and Management of 64 Cases over One 


Year Period in Kaiser Richmond Shipyards, J. Indust. Hyg. & Toxicol. 26:1. 


1944 

15. Gardner, L. U.: Respiratory Irritants Dusts, Fumes and Gases, in 
luberculosis in Industry: Report of the Symposium Held at the Saranac Labora 
tory for the Study of Tuberculosis, New York. National Tuberculosis Association 
1942, p. 115 
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on animals exposed to the war gases,’® (3) industrial records of men 
exposed for many years to irritant gases, such as chlorine, sulfur dioxide, 
sulfur trioxide, hydrochloric acid vapors and phosgene,'* and (4) labora- 
tory studies on animals exposed to welding fumes."' 


ASPHYXIANT GASES-——CARBON MONOXIDE 


There is no evidence at the present time that carbon monoxide, 
either through acute or chronic exposures, lowers resistance to infections 
of the respiratory tract. Although bronchitis and pneumonia may develop 
following acute asphyxiation from carbon monoxide accompanied by a 
prolonged period of unconsciousness, these conditions are usually 
attributed to circulatory disturbances or to aspiration of vomitus rather 
than to bacterial invasion.'* 

Experiments performed in this laboratory * showed that rats exposed 
for many weeks to smoke containing 10 to 30 p. p. m. of carbon mon 
oxide, and at times higher concentrations, did not have a significantly 
lower resistance to lobar pneumonia when inoculated intrabronchially 
with type I pneumococci. It may be noted also that animal experiments 
have shown no effect of carbon monoxide exposures on artificially 


induced tuberculosis.'” 


OTHER MATERIALS 


Fluorides—A recent report of the United States Public Health 
Service.*” on the health of workers exposed to sodium fluoride at open 
hearth furnaces stated that the frequency rates for diseases of the respira- 
tory tract which caused absences of 8 days or longer were lower in the 
industry using sodium fluoride than in‘ another steel plant not using 
fluorides. Roholm *! also reported that cryolite workers had fewer sick 


days due to diseases of the respiratory organs than did the workers in 


16. Koontz, A. R War Gases and Tuberculosis 
Arch. Int. Med. 39:833 (June) 1927 

17. Gardner, L. U.: Effects of Daily Exposures to Arc Welding Fumes and 
Gases upon Normal and Tuberculous Animals, J. Indust. Hyg. & Toxicol, 24:173. 
1942 

18. von Oettingen, W. F.: Carbon Monoxide: Its Hazards and the Mechanism 
of Its Action, United States Public Health Bulletin, no. 290 
Agency, United States Public Health Service, 1944 p. 117 

19. Fetzer, H.. and Wieland, P Experimentelle Beitrage zur Frage der 
chronischen Kohlenoxydvergiftung, Arch. f. Hyg. 112:95, 1936 
Oecettingen,'® p. 133 
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certain other Danish industries. However, it must be noted that there 
were undoubtedly other differences between these plants than the pres- 
ence or the absence of exposure to fluorides. No data appear to be 
available on the effects of gaseous fluorine compounds on infections of 
the respiratory tract. 

Metals.—Little information is available regarding metallic dusts and 
fumes. Only one example of this type will be cited. Elstad ** reported 
“that the introduction of an electrical plant for manganese smelting in 
Sauda in Norway was followed by a tenfold increase in fatal croupous 
pneumonia in that region; this was associated with a dissemination of 
vapors rich in manganese oxide.” On the other hand, a United States 
Public Health Service study ** of manganese ore—crushing plants showed 
no significant difference in the incidence of pulmonary diseases between 
groups exposed to manganese dust and those not so exposed. 

Organic Materials.—It has not been possible in this review to find any 
evidence in regard to the chronic effects of organic compounds on sus- 
ceptibility to acute infections of the respiratory tract. 


CONCLUSION 


Data obtained from studies of the health of persons who had been 
exposed to specific chemical contaminants of the air have not yielded 
any definite evidence that chronic inhalation of such chemical contami- 
nants in low concentrations affects susceptibility to acute infections of 
the respiratory tract. Similarly, the few experiments which have been 
performed on laboratory animals have yielded chiefly negative results 
However, it must be evident from this review that the data available at 
present are entirely insufficient to enable one to draw any definite conclu 
sions. It is hoped that this brief review will emphasize the need for 
fundamental research on this subject along the following four lines: 
(1) basic studies on the physiologic effects of air pollutants on the body 
tissues, (2) animal experimentation on the effects of these substances 
on susceptibility to infectious diseases, (3) industrial morbidity studies 
in relation to known exposures and (4) well controlled epidemiologic 
studies. Not until such data become available can any positive statement 
he made concerning the effects of chronic inhalation of atmospheric con 


taminants on acute infections of the respiratory tract. 


22. Elstad, D Factory Smoke Containing Manganese as Contributing Cause 
in Pneumonia Epidemics in Industrial District, Nord. med. (Norsk. mag. f 
lagevidensk.) 3:2527, 1939; cited by Fairhall, L. T., and Neal, P. A.: Industrial 
Manganese Poisoning, National Institute of Health Bulletin, no. 182. Federal 


Security Agency, United States Public Health Service, 1943, p. 81 


23. Flinn, R. H.; Neal, P. A.; Reinhart, W. H.; Dallavalle, J. M.; Fulton, 
W. B., and Dooley, A. E.: Chronic Manganese Poisoning in an Ore-Crushing 
Mill, United States Public Health Bulletin, no. 247, Federal Security Agency, 
United States Public Health Service, 1940, p, 22 
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EFFECT OF EXPOSURE TO THE VAPORS OF TETRA- 
BROMOETHANE (ACETYLENE TETRABROMIDE) 


An Experimental Study 


M. G. GRAY, Ph.D. 
CAMBRIDGE, MASS 


ETRABROMOETHANE (1,1,2,2-tetrabromoethane, or acetylene 

tetrabromide) has been known to industry and to the laboratory 
for years. Its high specific gravity and chemical stability make it 
especially suitable for use where a heavy fluid is required, as in gages 
or balancing equipment, and generally where a physical substitute for 
mercury is required. It has found some application in the separation 
of ores, oils and waxes and in microscopy. Recently, it has come into use 
in situations in which individuals might be exposed to its vapor through 
accidental damage or leakage of equipment. This has made it increas- 
ingly important to determine the effect of various types of exposure in 
view of the fallacy of generalizing about the halogenated hydrocarbons 
with respect to their toxic effect. 

There exists somewhat fragmentary information about the toxicity 
of this compound; unfortunately, the data have been obtained by use 
of material of unknown purity and depend on inadequately controlled 
observations. Some of the previous work is contradictory with respect 
to the establishment of toxic concentrations. In its pure form, tetra 
bromoethane is a clear, colorless or slightly vellow liquid with a mild, 
sweet odor, resembling camphor or chloroform and having a specitic 
gravity at 25 C. of 2.94 to 2.97. A gallon weighs 24.6 Ib. (11.2 Kg.) 
Its boiling point is 119 C. (15 mm. of mereury), and at atmospheric 
pressures it decomposes at 239 to 242 C. or above. It has no flash or 
fire point; the molecular weight is 345.7. The vapor density is 11.92 
(air-1.0), and it has a refractive index of 1.637951 at 20 C. It is 
soluble in water to the extent of 0.0651 Gm. per 100 Gm. of water at 
30 C., and it is miscible with ethyl alcohol, ether and chloroform. 


From the Laboratory of Industrial Toxicology, Arthur D. Little, Ine. 


Presented to the American Industrial Hygiene Association, Chicago, April 25, 
1950 


Technical assistance was given by C. H. Atwood, B.S., R. C. D. Canty, B.A., 
and T. O'Sullivan 
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LITERATURE 


Sterner‘ has summarized the pharmacologic effects of halogenated 
hydrocarbons, and tetrabromoethane appears to be typical in most 
respects. The halogenated hydrocarbons are among the most widely 
used of industrial chemicals because of the wide range of their solvent 
properties and low flammability. All possess some degree of toxicity : 
those which contain chlorine manifest it in the form of irritation, while 
those containing bromine generally exhibit more distinct narcotic and 
hypnotic effects. In man and animals exposed to the higher concentra 
tions the toxic effects may begin with lacrimation, salivation, sniffling 
and sneezing. There may be various degrees of pulmonary and ocular 
irritation, followed by dizziness, changes in the respiratory rhythm, 
unconsciousness and a fatal outcome if the exposure is extreme, Involve 
ment of the central nervous system is frequently seen, as evidenced by 
restlessness, twitching or convulsions, which may precede narcosis. 
There is a delayed action on the liver, the kidneys, the heart and the 
circulatory system which is independent of the narcotic effect and which 
cannot be predicted from the duration or the intensity of exposure. 
Lehmann * described this as a “two phase activity,” and it varies with 
the concentration of the halogenated hydrocarbon and the species 
exposed. Certain generalizations have been made which attempt to 
correlate the degree of saturation or halogenation with organic damage 
or the time of death, but these generalizations are not absolute. 

St. George * stated that tetrabromoethane is toxic in high concen 
trations but offered no experimental data. Glaser and Frisch,’ in 
inhalation experiments with tetrabromoethane, found that neither acute 
nor chronic experiments damaged their animals. In mice and guinea 
pigs no symptoms other than slight depression were seen after 8 to 17 
hours’ exposure to atmospheres containing 0.05, 0.5. 16.1 and 54 mg 
per liter of air. In mice there was slight narcosis on prolonged exposure, 
followed by immediate recovery after removal to fresh air, On the basis 
of a vapor pressure of 0.1 mm. of mercury at 20 C., an atmosphere 
saturated with tetrabromoethane would contain only 1.9 mg. per liter 
at 20 C. Thus, the actual toxic level was left in question by the work of 
Glaser and Frisch, 


1. Sterner, J. H., in Patty. F. A Industrial Hygiene and Poxicology 
New York, Interscience Publishers, Inc., 1949, vol 2, chap. 25, pp. 775-830 
2. Lehmann, K. B Kurzes Lehrbuch der Arbeits 
Leipzig, S. Hirzel, 1919 
3. St. George, A. V 
Path. 7:69, 1937 


4. Glaser, F., and Frisch, S.: 
Series, Arch. f. Hyg. 101:48, 1920 


und Gewerbehygiene, 
Pathology of Newer Commercial Solvents, Am J. Clin 


Brominated Hydrocarbons of the Aliphatic 
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Merzbach * found in 1927 that water solutions were of low toxicity 
due to the low vapor pressure, although the undiluted liquid was very 
toxic. He caused a dog to inhale air saturated with tetrabromoethane 
for one hour daily on each of four successive days. On the first day the 
animal showed signs of pulmonary irritation with difficult respiration 
and sneezing. On the third day it vomited and showed difficulty in 
balancing. On the following day it was unable to walk, and death 
oceurred on the fifth day. At autopsy the lungs were deflated and 
contained little air. The lower lobes were hyperemic, showing a tendency 
toward atelectasis, and all organs, especially the gastrointestinal tract, 
were markedly inflamed. The conditions of Merzbach’s experiments 
were such that a large excess of tetrabromoethane was present, and it 
is possible that the dog may have inhaled a mist of the compound 
Merzbach’s investigation appears to indicate a greater toxicity for 
tetrabromoethane than does that of Glaser and emphasizes the need for 
further experimental work 


Taste 1.—Effects of Tetrabromoethane on Rabbit Skin, According to Report 


of the Dow Chemical Company ‘ 


Time Observation 


0 min Very slight redness 
lhr Slight redness 
4 br Slight redness 


4 br 
Repeated appl cations 


ss, edema and blistering 
Moderate loss of hair 


Liquid tetrabromoethane is practically harmless to the skin if 
removed promptly. The Dow Chemical Company “ reports that when 
it is confined to the skin of rabbits the effects are those listed in table 1 

Glaser found that tetrabromoethane injected subcutaneously was 
more toxic than ethyl bromide. He assigned the following relative 
indexes of toxicity: ethyl bromide, 1; tetrabromoethane, 4: dibromo- 
ethane, 6; methyl bromide, 7. 

Schwartz and Tulipan?® listed tetrabromoethane as a possible skin 
irritant hut gave no supporting data. Although Glaser and Frisch 
assigned high cutaneous toxicity to tetrabromoethane and stated that 
inhalation of the vapor is essentially without toxic effect, they expressed 
the belief that repeated inhalation of subnarcotic doses may eventually 
be fatal. Their animals appeared to tolerate large doses of tetra- 
bromoethane for short periods better than lower concentrations for 


5. Merzbach, I Zur Pharmakologie des Brommethyls und einiger seiner 
Verwandten, Ztschr. f. d. ges. exper. Med. 63:383, 1928 

6. Dow Chemical Company: Personal communication to the author 

7. Schwartz, L., and Tulipan, I A Text-Book of Occupational Diseases of 
the Skin, Philadelphia, Lea & Febiger, 1939 
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longer periods. Ethyl bromide acts more rapidly, but the toxic effect 
of tetrabromoethane continues longer. 

Flury and Zernik * summarized the physiologic response of dogs to 
tetrabromoethane as shown in table 2. 

Unlike a number of halogenated hydrocarbons, tetrabromoethane 
causes little excitation in the prenarcotic stage. 


GENERAL ACTION OF TETRABROMOETHANE 


In order to survey the pharmacodynamic action of tetrabromoethane, 
various doses were administered by stomach tube to guinea pigs and 
rabbits. The doses ranged from 0.25 to 0.5 Gm per kilogram of body 
weight. It was found that LD,, is approximately 0.4 Gm. per kilogram 


: for both species when the compound is administered orally.” These 
H determinations were made to estimate the range of tolerance for the 
3 compound and to learn the general type of toxic action which might 


be encountered. 


Taste 2.—Effects of Tetrabromoecthane in Dogs, According to Flury and Zernik 


Concentration 


4 un min. exposure caused nareosis after 1 br 
5 q When repeated in a day, death ensued after 
3 “4 br 
if Shortness of breath, vomiting 
1,280 Increasing ataxia; death after 5 days 
No significant effect 
4 


It was found that tetrabromoethane is an anesthetic which possesses 
an extended latent period. Animals which did not survive oral adminis- 
tration of tetrabromoethane had a period of 12 to 24 hours in which 
they were symptom-free. Death occurred in two to four days. The 
initial abnormality was a generalized weakness and inability to stand 


upright or maintain balance, followed by an increasing loss of reflex 
activity and eventually by a state of narcosis, coma and death. In this 
respect the action resembles that of methyl bromide and methyl chloride, 
but it is essentially free from the irritant action of each. There was a 


sharp effect on the gastrointestinal tract, apparently causing hyper- 
motility, for the feces became amorphous and rapidly passed through 
the tract 

The urine became deep yellow and stained the bedding in the cages. 
Water consumption rose rapidly after oral ingestion, but food con- 


8. Flury, F., and Zernik, F. F.: Schadliche Gase. Dampfe, Nebel, Rauch- und 
Staubarten, Berlin, Julius Springer, 1931 

9. According to the classification of Hodge, an LD» of 100 me per kilogram of 
body weight categorizes a compound as “moderately toxic” and an LDw of 1 Gm 


per kilogram as “slightly toxic.” 
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sumption decreased. The nonsurviving animals showed at autopsy pale 
kidneys and liver and a change in the consistency of the liver resembling 
that seen in acute fatty degeneration. The odor of tetrabromoethane was 
apparent when the body cavity was opened. The lungs of several rabbits 
were slightly hemorrhagic, and the kidneys were cloudy and somewhat 
swollen. The condition of the fluid blood suggested destruction of 
hemoglobin. 


EQUIPMENT AND EXPERIMENTAL PROCEDURE 


All exposures by inhalation were carried out in a gassing chamber of static 
design. This was 1 cu. yd. (765.5 cu. L.) in volume, constructed of galvanized sheet 
metal, with a large observation window in the top. A door was constructed in one 
side for introducing and removing the animals. During exposure the animals rested 
on a wire mesh floor which was supported about 3 in. (7.5 cm.) above a removable 
pan, the exact size of the base of the chamber, which contained liquid tetrabro 
moethane. An electric fan was located on the wall opposite the door and above the 
level of the animals. This caused sufficient circulation of the atmosphere to insure 
homogeneous composition of the inspired air. The entire chamber was gas tight 
Several blank test exposures were made to insure that the uncontaminated air in 
the chamber contained sufficient oxygen to permit normal respiration for the period 
of subsequent exposures, i. e., three hours or less. No respiratory distress was 
observed in any blank run. The gas chamber was located within an unsealed gas 


mm 


chamber measuring approximately 6 by 8 by 10 ft. (about 15 by 20 by 25 et 
which the temperature and the humidity were maintained constantly at 72 F. and 
55 per cent (relative humidity). 

No practical analytic method was available to determine quickly the actual 
composition of the atmosphere saturated with tetrabromoethane vapor. To produce a 
saturated atmosphere, a layer of liquid tetrabromoethane was introduced into the 
gas chamber in the pan at the bottom below the level of the test animals. This was 
allowed to volatilize and come to temperature equilibrium with the air of the 
chamber (76 F.) for 48 hours. The chamber air was circulated for 30 minutes 


before beginning a test run. A check was made of the saturation of the atmosphere 


by circulating a portion of the air in the chamber through a weighed tube of tetra 
bromoethane placed outside the wall of the chamber. Weighing of the tube at 
intervals showed no perceptible loss or gain of tetrabromoethane, indicating that 


saturation of the air in the chamber was complete, easily achieved and maintained 


EFFECTS OF A SINGLE PERIOD OF INHALATION OF 


TETRABROMOETHANE VAPOR 


To determine the effect of a single period of inhalation of vapor of 
tetrabromoethane, animals were placed in the gassing chamber containing 
air saturated with tetrabromoethane vapor. Rabbits, rats and guinea 
pigs were exposed for periods ranging from one-half to three hours 
Little effect was noted in any species when the period of exposure was 
less than two hours. After longer exposures the animals exhibited 
tremors, became ataxic, were unable to stand upright and eventually 
became unconscious after three hour exposures. On being removed from 
the chamber, all species recovered, and in 24 hours all rabbits and rats, 
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regardless of length of exposure, were normal in appearance and 


behavior and remained so. The guinea pigs recovered consciousness, 


but one to five days later those which had been exposed one to three 


hours became comatose and eventually died. Postmortem examination 
showed definite changes in liver and kidneys, similar to those seen in 
acute chloroform poisoning, i. ¢., fatty degeneration of the renal and 


hepatic parenchyma 


\utopsy of surviving animals which had been 
exposed for comparable periods failed to show this change, nor was 


there damage in the surviving animals two weeks after exposure, when 


they were killed. 


Immediately after being placed in the atmosphere 


tetrabromoethane 


Taste 3 


Group 
Duteh rabbits 


Albino rates 


Guinea pigs 


This disappeared aiter the animals became accustomed to the tetra 


bromoethane vapor 


vapor, 


the 


animals 


showed 


Summary of Data on Effects of a Single 


of Tetrabromoethane Vapors 


Duration o 
Exposure, Hr 


Animals 
EX posed 


i 


signs 


» Period 


saturated with 


of respiratory 


of Inhalation 


irritation, with a watery fluid being discharged from nose and eyes 


Seventy-five per cent of the guinea pigs exposed for more than 


one-half hour to tetrabromoethane vapor died, with a single exception 


(survival after one 


hour 


ot 


exposure ). 


Two 


guinea 


pigs 


survived 


exposures of one-half hour, and one survived an exposure of one hour 


No rabbit or rat died. The survival time for guinea pigs varied from 


1'4 to 4 davs 


\ll rats and rabbits recovered from the minor effects of 


exposure and were in good condition two weeks after exposure with the 
exception of one rat which died from lobar pneumonia three days after 


exposure 


Postmortem examination confirmed the cause of death. The 


absence of pathologic changes in the liver and the kidney of this rat 


suggests that the disease was independent of the toxic exposure, although 
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the latter may have rendered the animal less resistant to infection. That 
guinea pigs show lower resistance to toxic vapors of the halogenated 
hydrocarbons has been noted by Flury and Zernik. No rabbit or rat 
revealed any symptoms of delayed toxic effect, and recovery was complete 
and permanent. 


EFFECTS OF REPEATED 


TETRABROMOETHANE 


SHORT PERIODS 


VAPOR 


OF INHALATION OF 


It cannot always be anticipated that repeated short exposures to an 
atmosphere saturated with a compound in the gaseous phase will produce 
the same local and/or systemic effects as are seen following prolonged 
exposure to dilute concentrations, but there is a certain analogy between 
these conditions. Such an analogy must be significantly modified if 
there is evidence of a cumulative toxic effect. Early in the study the 
possibility of a cumulative effect was considered, but there has been 
insufficient evidence to confirm it. In the absence of a warning agent the 
odor of tetrabromoethane in low concentrations in the atmosphere is 
insufficient to indicate its presence. 

When animals were exposed 15 minutes daily for 47 to 92 days to a 
saturated atmosphere, there were no deaths, nor did they become 
unconscious. Rats, mice, guinea pigs and rabbits were exposed. The 
latter species was not especially satisfactory under the conditions of our 
experiments, for they licked condensate of tetrabromoethane from their 
paws and from the walls of the gassing chamber, thus adding an orally 
ingested dose to that which was sustained by inhalation. It was impos 
sible to control the total exposure of rabbits for this reason, and they 
were eliminated from later experiments. Except for two rabbits which 
died, presumably from the high oral dose of tetrabromoethane, there were 
no deaths that could be attributed to the compound under examination, 
nor were there any significant alterations in clinical condition or 
behavior during exposure. The postmortem findings were not unusual, 
and no group of animals showed gross pathologic changes at autopsy. 
In a few animals there was some minor respiratory distress, from which 
all animals recovered promptly in fresh air. 

There was no evidence from general behavior, physical condition, loss 
or gain in weight, rectal temperature or postmortem examination after 
the anunals were killed that repeated short exposures to tetrabromo 
ethane vapor caused adverse effects. While breathing tetrabromoethane 
vapors, all species showed initial evidence of slight respiratory irritation, 
such as coughing or sneezing, but this disappeared after they were 
removed from the chamber \ few guinea pigs showed a slight nasal 
discharge. All animals ate and drank as did control animals, except the 


rabbits, which failed to eat and drank excessive volumes of water 
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One female rat delivered a normal healthy litter after 23 exposure 
periods. She was withdrawn from subsequent exposures when it was 
apparent she was near term. A female guinea pig was killed because of 
an abscess of the thyroid gland. 

The animals were fed and housed in a normal manner except during 
daily exposure periods. All animals except rabbits were restrained 
within the gassing chamber in wire cages which were sufficiently open to 
permit free penetration and circulation of the vapors of tetrabromoethane. 
Control animals were maintained under identical conditions for each 
group but were not exposed to tetrabromoethane vapors at any time. 
The exposures were carried out five days a week with two-day intervals 
during the week end. In no case was the interval longer than three days. 


é In general, there was no marked change in the condition of animals before 
; or during exposure or after they had been removed from the chamber. 

i While in the gassing chamber, they tended to huddle in a corner of the 
4 cage 
é No animal died during actual exposure in the gassing chamber. One 
3 albino mouse died after 92 days of short exposures. Death occurred in 
4.—Cumulative Time of Exposure to Tetrabromoethane Vapors 


Cumulative 
Animals Days of Exposure Exposure, Hr. 


mice 92 13-13% 


6 albino rats 12%-4% 
12 guinea 57-92 12% -15 
FY pa 
6 rabbits 47 rp 


this animal at night during a prolonged period of elevated atmospheric 
temperature. The body was so badly decomposed when discovered on 


the following morning that the cause of death could not be established 


conclusively. Seventy-one other mice showed no adverse effects from 
exposures. A group of four rats (caged together) were killed after 
seven days’ exposure. All showed signs of well organized lobar pneu- 


monia; this was verified at autopsy and is believed to have been entirely 


infectious in origin, possibly to have been present prior to the initial 


exposure. The tetrabromoethane to which they had been exposed may 
have rendered them more susceptible to pneumonia, but since their 
exposure was relatively short before the onset of the disease and in 
consideration of much longer exposures for 32 other rats without injury, 
there is considerable doubt that the inhaled tetrabromoethane was the 
cause of their disease. 


EFFECTS OF 


PRODUCTS OF HEAT DECOMPOSITION OF 


TETRABROMOETHANE 


There is said to be no flash or fire point for tetrabromoethane, but 
decomposition occurs at temperatures above 240 C. with the liberation of 


free bromine, hydrobromic acid and other unidentified products. _ It 
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is theoretically possible that such decomposition may occur during a fire 
involving structures containing large volumes of the compound in 
storage. The intense and immediate respiratory distress on inhalation of 
the decomposition products would cause exposed human beings to seek 
fresh air, so that actual danger would be limited to those whose egress 
was blocked or who were hindered from escape because of injury from 
other causes. 

Liquid tetrabromoethane was disintegrated in the gassing chamber 
by introducing it from a separatory funnel into an iron crucible heated 
by an electric cone heater. The resulting fumes were circulated within 
the gas chamber by a fan. One hundred and eight grams of tetrabromo- 
ethane was decomposed thus in 765 cu. L. of air, and 6 rabbits and 6 
rats were exposed to the fumes for 90 minutes. This period of exposure 
was fatal for rabbits, one being dead on removal and a second dying 1% 
days later. A 90 minute exposure to the decomposition products from 
54 Gm. of tetrabromoethane in the same volume of air was not fatal to 
rabbits. Rats failed to survive a 30 minute exposure to the latter 
condition. 

These experimental conditions are far more severe than would be 
encountered in a household or an industrial fire. It is probable that 
exposure to heat sufficient to decompose tetrabromoethane in an actual 
fire would cause injury and/or death for reasons unrelated to tetra- 
bromoethane. 


COM PARISON 


OF TETRABROMOETHANE AND METHYL CHLORIDE VAPORS 


A classification of refrigerants and some solvents by the Under- 
writers’ Laboratories '" has been made on the basis of toxicity, flam- 
mability and explosion hazard. Gases or vapors which when inhaled in 
concentrations of 2 to 2.5 per cent by volume in air for two hours at 20 C. 
produce serious injury or death are classified in group IV. Refrigerants 
must be of lower toxicity than that specified for this group. A com- 
parison of vapors of tetrabromoethane and methyl chloride, a typical 
group IV substance, was made with respect to relative toxicity. The 
actual comparison was between an atmosphere containing 2.25 per cent 
methyl chloride and one saturated with tetrabromoethane vapor at the 
same ambient temperature. The gas chamber was thoroughly ventilated 
and washed before introducing methyl chloride 

Methyl chloride caused slightly less respiratory irritation than tetra- 
hromoethane to rabbits but guinea pigs exposed to it quickly became 
listless and ataxic. They showed a fall in body temperature, and all suc- 
cumbed within 314 hours after removal. Four rabbits appeared normal 
seven days after a two-hour exposure 


10. Nuckolls, A. H.: The Comparative Life, Fire and Explosion Hazards of 
Common Refrigerants, M H 2375, Chicago, Underwriters’ Laboratories, Inc., 1933, 
p 106. 
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rhe pathologic picture in the guinea pigs was much the 
reported by Sayers, Yant, Thomas and |} 
hemorrhage in the viscera, and the | 
The lungs were discolored 


same as that 
serger.' There was extensive 
eritoneal cavity contained free blood 
and hemorrhagic, especially in areas near the 
great bronchi. The spleen and the kidneys were pale; in 
there was bleeding into the cortex ; 
tended with gas 


the adrenals 
the gastrointestinal tract was dis- 


PATHOLOGIC OBSERVATIONS 
The identification of the chronic type of poisoning following inhalation 
of the halogenated hydrocarbons is fraught with some difficulty, since 
excretion is fairly complete. In cases of acute poisoning it is usually 


possible to recover and identify the toxic agent in body fluids or tissues, 


this being considered evidence of failure to be metabolized or conjugated, 
In cases of chronic poisoning the clinical picture and pathologic observa- 
tions are the chief bases of the evaluation of the intensity or even of the 


existence of intoxication 

In animals exposed to the halogenated hydrocarbons by inhalation. 
the pathologic picture is ¢ hiefly of two types 
usually asphyxial and may involve reflex 
irritation of the res} 
effect 


Deaths occurring early are 
stimulation of the vagus from 
ratory tract with an accompanying direct depressant 
on the myocardium, which can contribute to cardiac failure: 
respiration usually ceases before the circulation fails 

\fter repeated or prolonged exposure 


to halogenated hydrocarbons 
at the narcotic level, 


if death occurs immediately, there may be consider- 
able edema and scattered petechial hemorrhages in brain, lungs, heart, 
If there is survival for a longer period, 


erative changes of the liver or the kidney or of both organs may be seen. 


kidneys and liver, severe degen- 


In these organs the action is that of a protoplasmic poison. The micro 
scopic picture shows congestion, vacuolation, fatty degeneration or even 
region of the central 
1 show swelling, patchy degener 
ation and possibly necrosis of the capsule and tubular epithelium. After 
concentrations, the degenerative effects 
are less impressive, and some reparative 


necrosis, and in the liver this is most marked in the 
veins. The kidneys may be congested anc 


repeated exposure to subnarcotic 


effects may be discerned. This 
may, in the liver, result in mild or moderate 


cirrhosis with diminishing 
function 


Reference has been made above to the appearance of the liver and the 


kidneys of rabbits and guinea | 


ngs which received oral doses of tetrabro 
moethane larger than 0.4 Gm 


per kilogram. The latent period of two to 

four days in these animals appears to have been sufficient for the develop- 
Wa. Sayers, R. R.; Yant. W. P Thomas, B. G. H 

Physiologic al Response \t 

Chloride 


and Berger, L. B 
tending Exposure to Vapors of Methyl Bromide, Methy! 
Ethyl! Bromide, United States Public Health Bulletin no 185, 1929 
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ment of a fatal degree of fatty degeneration and hepaticorenal damage. 
All other viscera appeared unchanged both grossly and nucroscopically. 
Recovery from the central nervous system depression was complete 
before any signs of liver or kidney damage were apparent 

Among animals exposed to tetrabromoethane vapor for a single long 
period the depression of the central nervous system was marked after 
two hours. No gross or microscopic changes were seen in animals 
surviving more than five days, nor was there evidence of repair. The 
guinea pigs which failed to survive showed the typical fatty degener- 
ation of liver and kidneys but no abnormalities of the lungs or associated 
structures despite the moderate respiratory irritation they experienced. 
The animals exposed 15 minutes daily for 47 to 92 days (cumulative 
exposure time 7 hours 15 minutes to 15 hours) showed no significant 
pathologic change. The two rabbits which ingested tetrabromoethane in 
addition to inhaling it died an essentially asphyxial death, for they lapsed 
into coma with progressive decrease in respiration until the fatal termi- 
nation. The lungs of surviving animals showed no evidence of irritation. 
nor did any control animal reveal abnormal tissue changes 

There was seen in the liver, lungs, spleen and large vessels of the 
kidneys in these animals occasional deposits of darkened noncellular 
material, which was found by special staining technics to be hemosiderin 
lo a lesser extent this was seen in several control animals. Strassmann ™ 
has shown that hemosiderin may be formed 24 to 48 hours after free 
erythrocytes reach the tissues. Its formation is due in part to the 
activity of macrophages. Hemosiderin formation is not unknown in 
aging animals, and its significance is obscure. In the liver hemosiderin 
is found in the Kupffer cells of the sinusoids as well as in the liver cells 
It must be regarded as a mixture of pigments resulting from extravasation 
of blood in the tissues with failure or delay of reabsorption 

The fatty changes commonly seen in intoxications may be caused by 
prolonged passive congestion in the central lobules of the liver. To 
distinguish between fatty infiltration and fatty degeneration is often 
difficult, but in the latter state there is an increase in neutral fat. In 
intoxications of the type with which this study is concerned, the liver is 
paler and of a softened consistency. The liver cells appear swollen with 
distinct margins and pale, granular cytoplasm 
COM MENT 

The total cumulative exposure time used for repeated short exposures 
by the inhalation route in this study varied from 714 to 15 hours. In no 


case was a single exposure longer than 15 minutes By interpolation, it 


Il. Strassmann, G.: The Formation of Hemosiderin in the Lungs Experimental 
Study, Arch. Path. 38:76 (Aug.) 1944 
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can be estimated that 16 periods of exposure to saturated atmospheres are 
roughly equivalent to four days of exposure to an atmosphere which is 
10 per cent saturated. This is a longer total exposure than any animal 
was subjected to in earlier experiments, the difference being the 


intermittent character. No animal used for intermittent exposure showed 
the characteristic signs noted then, viz., anesthesia introduced by weak- 
ness, loss of ability to balance, loss of reflex activity followed by narcosis, 
coma and death. Guinea pigs exposed intermittently appeared to be 
affected more than rats and mice, yet they were not seriously affected 


immediately under either condition. They showed more tendency to 
cough and slightly more evidence of increased secretion, but recovery 
occurred promptly on their being removed from the gassing chamber. 


The effect on rabbits is not considered to be a fair evaluation of 
the effect of repeated short inhalation exposures, since their exposure 
was amplified by an accidental and unplanned oral dose. 


From the above observations one may conclude that under the experi- 
mental conditions obtaining, repeated short periods of inhalation of 
the vapor of tetrabromoethane do not injure mice, rats and guinea pigs. 


When such exposures are made daily there are no demonstrable cumula- 
| } tive effects either in the appearance or in the clinical behavior of the 
animals or any consistent alteration in the gross postmortem appearance 
of the viscera, 

, ; The concentration of tetrabromoethane vapor is far greater than 
would be employed or encountered in industrial or commercial use, and 
it would appear that with rational consideration of ventilation no sig- 
nificant hazard accompanies the use of tetrabromoethane. 

There is some possibility of injury from the products of heat decom- 
position of tetrabromoethane, but the intensely irritant character of these 
products would cause exposed persons to retreat from the location where 
they were being evolved. In comparison with 2.25 per cent concentra- 


4 tions of methyl chloride vapor, tetrabromoethane vapor in saturation 


concentrations appears to be far less toxic. 


SUMMARY 


Tetrabromoethane exerts hypnotic, narcotic and anesthetic effects 
with an extended latent period when administered orally. Twelve to 
24 hours after administration of a fatal dose one sees in experimental 
animals progressive weakness, loss of reflexes, narcosis, coma and 
eventually death. The LD,, for rabbits and guinea pigs is approximately 
0.4 Gm. per kilogram of body weight, which would require that tetra- 
bromoethane be classified, according to Hodge, as a material moderately 
toxic when ingested. 
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When vapors of tetrabromoethane are inhaled, the toxicity is much 


lower. Single exposures of rabbits, rats and guinea pigs for two hours 


to saturated atmospheres caused little change in their behavior and gen- 
eral condition. Longer exposures of two hours or more caused the 
animals to become ataxic and eventually unconscious. Both rabbits and 
rats recovered promptly when removed from the saturated atmosphere, 
but the guinea pigs became comatose one to five days later and eventually 
died. The postmortem examination of the guinea pigs showed a moder- 
ate degree of fatty degeneration in the hepatic and renal parenchyma. 
This may be a species-specific effect, for rats and rabbits exposed for a 
longer time did not show the fatty changes when killed. 

Repeated short exposures of 15 minutes a day for 47 to 92 days 
(cumulative exposures of from 1234 to 15 hours) were not productive of 
toxic damage in rats, mice and guinea pigs. “Two rabbits receiving an 
accidentally amplified dose by mouth died. During exposure there was 
evidence of mild respiratory irritation, which disappeared when the 
animals were removed from the atmosphere saturated with tetrabromo- 
ethane vapor. 

Pathologic findings in the tissues were few and minor after repeated 
short exposures. In the spleen and the lungs of a few rats (both control 
and exposed animals) there was seen noncellular pigmented material, 
probably hemosiderin. The kidneys, the spleen and the liver were other- 
wise essentially unchanged in gross and microscopic appearance 

The products of heat decomposition of tetrabromoethane, after break- 
down at 275 F., produced intense respiratory distress. A 90 minute 
exposure to the breakdown products of 108 Gm. of tetrabromoethane in 
765 cu. L. of air was fatal for rats and rabbits but exposure to one half 
this concentration permitted survival of some animals. 

Compared with an atmosphere containing 2.25 per cent methyl 
chloride vapor, tetrabromoethane-saturated atmosphere is less toxic. 

There is no cumulative effect from repeated short exposures to tetra 
bromoethane vapors. This compound can be employed for industrial or 
other purposes without danger of injury if there is reasonable ventilation 
Its use as a mercury substitute would not require quantities sufficient to 
offer much hazard, especially since it should be used in a closed system 
for maximum effectiveness. 
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COMPARATIVE ACUTE AND SUBACUTE TOXICITIES 
OF ALLETHRIN AND PYRETHRINS 
C. P. CARPENTER, Ph.D. 
C. S. WEIL, MA. 
U. C. POZZANI, MS. 


AND 

j H. F. SMYTH JR., Ph.D. 

PITTSBURGH 

' Hk PUBLICATION by Schechter, Green and LalForge' has 

é made possible the commercial production of the ally! homolog of 

cinerin | by esterification of dl-2-allyl-4-hydroxy-3-methyl-2-cyclopenten- 

i l-one with a mixture of cis and trans chrysanthemum-monocarboxylic 
acids. The substantially pure compound, which possesses insecticidal 

; properties comparable to those of the natural pyrethrins, has been given 

the coined generic name “allethrin” by common consent of the various 


interested agencies. Previous to the adoption of this generic name the 
material was referred to as the “allyl homolog of cinerin I.” An investi- 
gation of the toxicity of allethrin has been carried out in this laboratory 
on material synthesized for commerce by the Carbide and Carbon Chemi 
cals Division of Union Carbide and Carbon Corporation 


4 MATERIALS USED IN AEROSOL INHALATION STUDIES 

g In order to establish the relative toxicity of allethrin it was decided to com 

: pare it with pyrethrins which have been used safely for many years. One of the 
g most widespread applications foreseen for this new insecticide is that of the lethal 

: agent in household sprays and aerosol formulations \ttention was therefore 


given to the matter of selecting a practical set of conditions for carrying out animal 
experimentation to determine the effect of aerosols 

Consultation with governmental specialists experienced in the technics of aerosol 
mampulation led to the adoption of the procedures that follow. The aerosols were 
introduced at a level of 50 Gm. of total aerosol formulation per 1000 cu. ft. of 
space. This represents 10 times the aerosol concentration used to free aircraft 


of imsect vectors and about 30 times the level recommended for household use 


The entire charge required to establish the desired concentration was introduced 


From 


Mellon Institute of Industrial Research, University of Pittsburgh 
1, Schechter, M. S.; Green, N., and LaForge, F. B.: Constituents of Pyrethrum 
blowers: NXIIL. Cinerolone and the Synthesis of Related Cyclopentenolones, | 


Am. Chem. Soc. 71:3165, 1949 
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at the start. The 20 cu. ft. capacity chambers were sealed during the 30 minute 
period of exposure. The amount of aerosol introduced was calculated by the dif 
ference in the weight of the bomb before and after discharge 

The aerosols were formulated with peanut oil as the nonvolatile vehicle in place 
of the usual petroleum distillate. This substitution was made to eliminate any 
toxic action that might result from the repeated inhalation of petroleum distillate 
\ control bomb was loaded with 10 per cent peanut oil and 90 per cent freon® 12 
propellent.2. The three test bombs contained by weight: | per cent of the insecti 
cide under test, 9 per cent peanut oil and 90 per cent freon® 12. These aerosol 
bombs were supplied and loaded by the Bureau of Entomology and Plant Quaran 
tine of the United States Department of Agriculture at Beltsville. Md. For 
comparison with the commercial product, which contained 92 per cent of allethrin 


and & per cent of related compounds, the Burean furnished a 


ughly purified 
pyrethrum concentrate as well as allethrin produced on a laboratory scale by 
Schechter’s group. In this discussion the manufacturer's product will be termed 
laboratory or commercial allethrin and Schechter’s material will be referred to as 
Beltsville allethrin. Pyrethrum as marketed is an extract of chrysanthemum 
flowers containing several natural ingredients known as pyrethrins 

PROCEDt 


RE IN 


Two separate inhalation studies were conducted The first was made on an 
early laboratory batch of allethrin for the purpose of gaining preliminary informa 
tion on toxicity, as well as to test the methods to be used in investigating later 
commercial production 

In the first study some rats were killed early to determine whether peanut 
oil in aerosol form was exerting any significant deleterious effect on lung tissue 
Furthermore, at the termination of exposures one half of the surviving rats were 
killed immediately, and the remainder were held for 21 days before autopsy. This 
schedule was adopted in order to establish the reversibility or irreversibility of any 
injury that might be found among rats killed immediately after termination of the 
exposures 


Sherman strain albino rats produced in our own breeding colony were used for 


tl 


us and all subsequent studies reported herei They were maintained on a pur 


groups, each consisting of 12 or 13 males and 15 females, 


chased rat diet Four 


vere formed by random selection after all rats whose weights were more or less than 


two standard deviations from the mean weight for that sex had been eliminated from 


msideration. The groups were then assigned at random for exposure to one of 


the four aerosol preparations They received one 30-minute exposure a day 


five days a week for the first week and two such exposures a day thereafter 
The chamber doors were removed for 15-minute periods between the exposures to 
allow adequate ventilation 

The rats were weighed weekly during the course of exposures Blood counts 
were omitted in this preliminary study because repetition of the work on a sample 
of large scale production of allethrin was anticipated. On the day of autopsy the 
rats were weighed and dispatched by section of the cervical cord \fter bleeding 
had ceased, the liver and both kidneys were removed, blotted and weighed to the 


nearest 0.01 Gm. on a Roller-Smith precision balanes Portions of organs (lung, 


spleen, kidney and liver) were removed at autopsy for histopathologic examination 


2. This propellent is a product of Kinetic Chemicals, Wilmington, Del 
3. This diet was the Rockland rat diet (complete) produced by the Arcady 
Milling Company 
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RESULTS OF STUDY I 


The results of the preliminary exposures are set forth in table 1, 
It is evident from this summary that no significant deleterious effects 
were found as regards body or organ weight when any of the complete 
aerosol formulations were compared with the controls. This was true 
for rats killed after 27 or 85 exposures of 30 minutes’ duration as well as 
for those examined subsequent to an additional rest period of 21 days. 
Several observations not reported in table 1 bear further comment. 

E-xtraneous lung infection or middle ear infection resulted in death or 
dictated early killing of four of the 28 rats exposed to the peanut oil 
control aerosol, two of 27 in the pyrethrin group, three of 28 in the 
Jeltsville allethrin group and six of 27 in the laboratory allethrin gro up 
under surveillance. Statistical comparison of these mortality figures 


TALE Summary of Data on Rats Killed After Exposure to Aerosols 


Containing Allethrin, Pyrethrins and Peanut Oil 


Bomb Contents 


Hr Criteria of 
Expe Effect Peanut Oil Beltsville Laboratory 
sures Fvaluated Control Pyrethrins Allethrin Allethrin 
27 Mean body wt., change, Gm + 35.2 + 76.8 + 77.3 + @3 
Mean liver wt., % of body wt 1.55 7 4.8 46 
Mean kidney wt., % of body wt 0.91 0.99 0.87 0.35 
Mean cone., Gm./1,000 eu. ft 66.1 62.5 
Std. deviation of above 14.3 lad il 
Mean body wt. change, Gm.+ + 134.2 + 29 + 134.2 + 153.2 
Mean liver wt., % of body wt 3.58 
Mean kidney wt., % of body wt 0.76 0.75 0.76 0.75 
AS 4 Mean body wt. change, Gm 149 + 151.3 + 170.0 + 170.0 
2! days Mean liver wt., % of body wt 5 3.43 34 rt 
of rest Mean kidney wt., % of body wt 0.75 0.73 0.74 0.7 


* Statistically lower than peanut oj! control 
+ Caleulated for all the rats alive on date of killing 
by the corrected chi-square procedure indicates that the differences are 
due to chance, as probability values of 0.68, 0.25 and 0.42 result when 
laboratory allethrin mortalities are compared with the mortalities of the 
other three groups in the order mentioned 

The mean concentration of the Beltsville allethrin for the &5 
exposures was slightly lower than that of the other groups, but it still 
exceeded the planned minimum of 50 Gm. per 1000 cu. ft. of space 
hy 8.6 Gm. 

\ minor diffuse thickening of the walls of the alveoli of the lungs 
was noted on histopathologic examination of rats killed after twenty-seven 
30-minute exposures had been made. As this condition was not peculiar 
to any one exposure group it was ascribed to the peanut oil nonvolatile 
component of the aerosols. Examination of the lungs of rats killed after 
85 exposures and those which were killed 21 days thereafter did not show 
this condition. In view of these findings it is believed that the effect 
was of a transitory nature. 
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Although 96 animals were killed at different times during the study, 
and 384 tissues were examined, there were only 13 instances wherein 
abnormalities were found. Five of the 13 deviations from normal were 
found in the peanut oil aerosol control group, and three in the pyrethrins 
group. The only pathologic condition noted in the rats exposed to 
allethrin was found in the group exposed to the Beltsville product. There 
were three cases of cloudy swelling of the liver, one of lung congestion 
and one of frank lung infection as evidenced by consolidated areas of 
lung tissue. In summary it may be said that in all gr uups the pathologic 
conditions were confined to five cases of cloudy swelling of the liver, six 


of lung congestion and two of lung infection. No importance is attached 
to these findings, for deviations from normal were quantitatively similar 
and they occurred as frequent!y among the peanut oil controls as in any 
other group. 


PROCEDURE IN STUDY II 


The second study of the response of animals to inhalation of aerosols followed 


the pattern which seemed to be justified by our experience in the preliminary 


investigation on the laboratory sample of allethrin. It differed in that allethrin 


representative of commercial production was used instead of the laboratory sample 


The other aerosols were exact duplicates of those used in the preliminary study 


An additional bomb was loaded with the propellent gas, freon® 12. as a control 
on the effect of peanut oil on lung tissue. This second set of aerosol bombs was 


likewise prepared by the Bureau of Entomology and Plant (Juarantine 
The same dose of 50 Gm. of total formulation per 1000 cu. ft. of space was used 
and two 30-minute static exposures were made each day five days per week with 


chambers opened for a 15-minute interval between exposures. In this study five 


groups, each composed of 15 male and 15 female rats. were exposed to the three 
complete aerosol formulations, to the peanut oil aerosol and to freon® 12 with no 
additives present. To determine the response of a second species, groups consisting 
of three mongrel dogs were exposed to the complete aerosols and the peanut oil 
but not to freon® 12 

All animals were weighed weekly. Complete blood counts. diffe rential leukocyte 


counts and hemoglobin determinations were made on all dogs and on 10 male 


rats from each group except that exposed to freon® 12. The hematologic studies 


were done previous to the start of exposures, after seven days of exposure and 


immediately after the termination of exposures. The rats were killed in the man 
ner previously mentioned, the liver and both kidneys were weighed. and portions 
of lung, liver, kidney and spleen were taken for histopathologic examination. The 
dogs were dispatched by intravenous administration of an overdose of pentobarbital 
sodium, Portions of thyroid and thymus gland, heart, lung, liver, kidney, adrenal. 


spleen, pancreas and testis or ovary were taken for histopathologic examination. 


RESULTS 


OF STUDY II 


Rats.—During the 42 thirty-minute exposures completed within 31 
calendar days there were no deaths among the rats that might be 
attributed to the toxic effects of the aerosols. Extraneous infections 
accounted for the death cf one rat each in the peanut oil and in the 
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freon* 12 control groups, two in the commercial allethrin and three in 
the Beltsville allethrin groups. There were no infections in the pyrethrin 
group, Statistically there is no significant difference in mortality 
hetween the treated and the control groups 

It will be noted on examination of table 2 that there were no 
statistically significant differences hetween the rats exposed to the peanut 
oil aerosol and those which received the complete aerosol formulations 
This is valid as regards the mean concentration of aerosols introduced. 
changes of mean body weight, mean liver weight as percentage of body 


weight and all the hematologic findings with the exception of the dif 


Paste 2.—Summary of Data on Rats Killed After Being Exposed to Aerosols 


Contamimng Allethrin, Pyrethrins and Peanut Oil 
Peanut Oi! Beltsville Commercial 
Control Pyrethrins  Allethrit AUethrin 
Mean one (iu ft ' 655 
- Std. deviation of above 6 f 16.9 6 
Mean body wt. change, Gm “2.9 6.0 + 
Mean liver wt of body wt iA 44 4 $.52 
Mean kdney wt of body wt n 0 O85" 


Keports 


on red cells, preex pos 
red ceils, 7 day expos 5. 6.25 
ells, 21 day expos ‘5 18 
it white cells, preexpos 11.28 10,15 
Phousand white eells, 7 day expos 12.8 11.26 
Thousand white cells, 2t day expos 19 1h 14 
Hemoglobin, Gim./100 preexpos 116 11.6 12.1 
Hi meoglobin, Gm. 7 day expos ‘ 12 13.6 12.7 
Hemogio Gm wil. 21 day expos lacs Ma 14.5 
Neutrophil, percentage eX pos he 16* 
Neut il, pereentage, 7 day expos, 6 
Neutrophil, percentage day expo 2 
Lymnpweyte, pereent age preexpos 
Lymphoeyte, pereentage, 7 day expos 50 74 75 
Lymphoeyte percentage day expos 774 
: * The deviation below peanut off control is statistically sign fleant 
' The deviation above peanut ofl control is statistically signifleant 


ferential leukocyte counts. In our opimon such deviations as are therein 
apparent are meconsequential 


The mean kidney weight. as percentage of body weight for each of 
the three complete aerosol formulations was significantly lower than 
that for the peanut oil control. These small decreases in kidney weight 
were not associated with any microscopically demonstrable lesion and 
therefore are not considered as deleterious effects 

Five hundred and seventy-six tissues from the 144 rats killed at the 
termination of the exposures were examined. Eighteen deviations from 
normal occurred, of which & were in the peanut oil control group, 6 in the 
pyrethrin group, 2 in the freon*® 12 control group and 1 each in the alle 
thrin groups. The last-mentioned deviations took the form of light cloudy 
swelling of the renal tubules of one rat exposed to the Beltsville product 


and m wlerate congestion of the lungs of one rat exposed to the com 
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mercial allethrin. In summary, there were two cases of cloudy swelling 
of the renal tubules, six of cloudy swelling of the liver, eight of pulmonary 
congestion and two of lung infections. Of the original 150 rats, 127 
were found to be normal. 


Dogs.—The mean weight changes for the four groups of dogs which 


received 40 thirty-minute exposures during 26 calendar days did not 


differ significantly when compared with one another and with that of the 


peanut oil control group by means of the t-test.“* Likewise there were 


no significant differences in the hematologic findings. As may be seen 


in table 3 the mean concentrations of the pyrethrin and Beltsville allethrin 


aerosols were significantly higher than that of the peanut oil control 


Taste 3.—Summary of Data on Dogs Killed After Being Exposed to Aerosols 


Containing Allethrin, Pyrethrms and Peanut Oil 


Peanut Ot 
Control 


Beltsville 
Allethrin 


Commercial 


Pyrethrins Allethrin 


Male dogs 


Female dogs 2 

Red blood cells, millions, preexpos...... 77 6.20 71 64 
Red blood cells, millions, 7 day expos...... 7.74 6.90 O44 85 
Red blood cells, millions, 2%) day expos.... is 6.82 6.40 6.79 
White blood cells, thousands, preexpos.... 1.965 
White blood cells, thousands, 7 dav expos. 12.35 8.93 
White blood cells, thousands, 20} 12.22 11.10 12.45 
Hemoglobin, Gm./100 mL, prees 145 
Hemoglobin, Gm./100 ml, 7 15.3 15.1 13.8 

Hemogk 1, Gm./100 ml, vay expos 15.8 13.7 13.5 


Neutrophi percentage, preexpos 


Neutrophil, pereentage, 7 day expos 6s 72 

Neutrophil, percentage, 20 day expos 6 
Lymphocyte, percentage, preexpos......... 19 2 23 0 
Lymphocyte, percentage, 7 day expos 4 27 ‘ 
Lymphocyte, pere € day expos ; 4 2s 
Mean body wt. change, Ke., 3 wk. expos + O80 + *” + 1.08 ; 
Mean body wt. change, Kg., 3 wk. preexpos + O80 Te om 1.007 
Mean cone., Gm./1,000 eu, ft » ' 


Standard deviation of above 


* The deviation above peanut oil control is statistically significant 


Variations in concentration from group to group were to be anticipated 
because the opening and closing of the control valve on the bombs was 
entirely a manual operation 


The only deviation from normal among the 10 tissues examined from 


each of the dogs was minor congestion of the lungs tn four cases. This 


occurred in two of the three dogs exposed to pyrethrin aerosol and in 


one dog exposed to Beltsville allethrin aerosol and one to peanut oil 


aerosol, This minor effect is of dubious significance as all the dogs in 


the study had been immunized against distemper about one month 


prey ious to exposure 


The absence of any outward symptoms of distress and the lack of any 


systemic injuries in either rats or dogs on repeated inhalation of aerosols 


> 


3a. Fisher, R. A.: Statistical Methods for Research Workers, ed. &, Edinburgh, 
Oliver & Boyd, Ltd., 1941 
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at 10 times aircraft use level or 30 times household use level establishes 
the safety of allethrin for aerosol applications in which pyrethrin is cur- 
rently employed. Further substantiation of this conclusion is offered by 


the results of the studies to be described in the following sections. 


MASSIVE CONCENTRATIONS OF AEROSOLS 


To determine the lethal effect of enormous concentrations of the 
aerosols used in the foregoing repeated exposures an experiment was 
made as follows: 


Each of the aerosols was introduced into a 60 L. glass cube in individual 
experiments. Ten fernale rats ranging in weight from 110 to 150 Gm. were exposed 
for 30 minutes te concentrations ranging between 16,700 and 18,500 Gm. of total 
formulation per 1000 cu. ft. of space. During the introduction of the aerosols a 
7 mm. glass tube which extended through the chamber wall to the floor of the 
cube was allowed to remain open. As soon as the required amount of aerosol had 


been introduced, the tube and the chamber were sealed. Probably the concentrations 


were slightly less than the weight loss of the bombs indicated, but it is believed 


they were on the order of 350 times the amount used in the repeated exposures. 
In none of these trials were there any deaths during exposure or 
within the 14-day observation period thereafter. In all cases the mean 
i weight gain of the rats exposed to pyrethrin and to the Beltsville and 
H ‘ the commercial allethrin exceeded that of the peanut oil control group 
| by 20 Gm. This demonstrates that it is quite unlkely that an operator 
; would be injured if exposed for a short time to a massive concentration 
of allethrin aerosol. 
The histopathologic examination of kidney, liver, lung and spleen 
from three rats of each group exposed for 30 minutes to massive concen- 
| trations of aerosols revealed only moderate congestion of lung tissue. 
: There were seven cases of pulmonary congestion among the 15 rats 
; examined—one in the peanut oil group, one in the freon” 12 group, 
i three in the pyrethrin, two in the Beltsville allethrin and none in the 
commercial allethrin group 


MASSIVE CONCENTRATIONS OF ALLETHRIN FOG 


It was found that when allethrin is heated to 30 to 45 C. a fog 
can be created by means of a vaponefrin®™ nebulizer... This all glass 
apparatus is said to produce a fog of particle size ranging from 2 to 5 
icrons in diameter, which is much smaller than the estimated 15 


nuecron particle size of the aerosol furnished by the bomb utilized in 


previous exposures. Air measured by a rotameter was forced at a maxt- 


mum rate of 6.5 to 7.0 L. per minute through the vaponefrin® nebulizer 


4. This nebulizer is sold by the Vaponefrin Company, Upper Darby, Pa 
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containing commercial allethrin. The whole assembly was heated by a 
microburner placed several inches below the unit. The heat decreased 
viscosity to a sufficient extent to permit efficient nebulization. 

In the first trial 10 female rats of 122 Gm. mean weight were exposed 
for two hours to a dynamic concentration of commercial allethrin of 
19 mg./L. This is actually more than 10,000 times the amount of 
allethrin that would be furnished at the usual aircraft treatment level. 
One rat died during the exposure, but the remainder of the rats survived 
a 14-day observation period and registered a mean weight gain of 
38.4 Gm. 

In a second trial 10 female rats were exposed for four hours to a 
concentration of commercial allethrin of 13.8 mg./L., or over 7,000 
times the aircraft treatment level. Four rats died, three during exposure : 
and one within 24 hours. Extreme congestion of lung, liver, and kidney : 
was found at autopsy of these victims. The survivors showed a mean 
weight gain of 24.6 Gm. after 14 days’ observation. 


Tissues from the rat that died in the two-hour exposure to 19 mg./ L. ; 


of fog had cloudy swelling and nuclear degeneration of the convoluted 
tubules and cloudy swelling of the loop tubules of the kidney. The liver 
had marked congestion and cloudy swelling and the lung moderate 
congestion. Examination of adrenal, bladder, spleen, sternum, heart, 
intestine, kidney, liver, ovary, pancreas, stomach, and thyroid of five 
of the survivors at this level revealed one case of distinct cloudy swelling 
of the liver and one of light congestion of the lungs. 

The pathologic involvement of the tissues of the rats that succumbed 
to 13.8 mg./L. of allethrin fog was identical with that reported for the 
19 mg./L. exposure. Among the survivors examined, four of the five 
livers had moderate cloudy swelling and one rat had a consolidated area 
in the lung. The latter finding may or may not have been caused by 
the exposure. 


These results seem to establish the improbability of attaining a f 
concentration of allethrin by any method of application used by the 


public that would endanger life by inhalation in single exposures. 


ACt 


TE TOXICITY STUDIES 


Oral Route.—Single dose oral toxicity tests were performed on male 
or female albino rats of the Sherman strain weighing 90 to 120 Gm. 
at 5 to 6 weeks of age. The rats were not fasted before dosing, and 
the LD,,, value is based on the mortality which occurred within a 1 t-day 
observation period. The method of Thompson ° was used for calculation 


5. Thompson, W. R Use of Moving Averages and Interpolation to Estimate 
Median-Effective Dose: I. Fundamental Formulas, Estimation of Error, and Rela- 
tion to Other Methods, Bact. Rev. 11:115, 1947 
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of the range finding LD,, (R.F. LD,,), which is based on results with 
five rats at each of three or four dosage levels differing by a factor of 
2.0, or in the case of the advanced LD,, (Adv. LD,,), with 10 rats per 
dosage level at levels differing by a factor of 1.26. The same plan was 
followed for mice and rabbits except that weight and age specifications 
were different. The male albino mice weighed 20 to 25 Gm. and the male 
albino New Zealand rabbits averaged about 2.5 Kg. in weight. The 
results for allethrin, pyrethrin and diluents used are given in table 4. 


The symptoms of distress noted after oral administration of allethrin 
are comparable to those caused by pyrethrin. Within a few minutes 
after the dose is given, rodents become highly excitable, and muscular 
tremors are in evidence. If they survive the initial period of shock, which 
lasts several hours, their recovery is likely. 


4 


Summary of Data on Acute Toxicity of Ingested Materials 


Typ LDso and Range, 
Material Species Sex Test? Gim./Kg 


Alethrin (eommercial) 20° in Deo-base* Rat Adv 0.92 (0.77 to 1.11) 
Allethrin (eommercial) 20° in Deo- base Rat fk Adv 0.90 (0.79 to 1.04) 


Allethrin (commercial) undiluted... Rat M R. F 0.34 (0.50 to 0.39) 
Pyrethrum oleoresin purified, 20%, in 

petroleum distillate Rat Adv 0.82 (0.68 to 1.00) 
Purified pyrethrum extraet, in 

petroleum oil Rat M R. 1.87 (1.44 to 2.40) 
Deo-base undiluted Rat M R. F 44.7 mi./Kg. No range 

caleulable 

Allethrin (commercial) 2°. In Deo-base Mouse M Adv 
Aliethrin (eommercial) > in Deo-base Mouse M Adv 1.58 (1.25 to 2.00) 
Alletbrin (commercial) 2% in Deo-base Rabbit M R. F 4.29 (3.07 to 5.98) 
Deo-base undiluted Rabbit M R. F. 8.84 (5.52 to 14.15) ml. /Keg 


*“Deo-base” is a trade name for deodorized kerosene produced by L. Sonneborn Sons, Ine., 
New York, N 


t Adv, and R. F. are explained in the text 


The histopathologic examination of tissues from rats which died 
after oral doses of undiluted allethrin revealed light cloudy swelling of 
the convoluted and loop tubules of the kidney and general cloudy swell- 


ing and scattered pigment deposits in the liver. 


It will be noted that allethrin when ingested is of the same degree of 


acute toxicity for rats as pyrethrin fed as a 20 per cent dilution in 
deo-base.*  Allethrin is about twice as toxic for mice and roughly 
one-fifth as toxic for rabbits as for rats when fed in similar concentration. 
The above data indicate that toxicity is reduced as the degree of dilution 
is increased. Mice tolerated three times as much allethrin in a 5 per 
cent dilution as in a 20 per cent dilution in .deo-base.* 

Skin Penetration.-Vereutaneous toxicity of allethrin applied on the 
intact skin was determined by a modification of the procedure described 
by Draize, Woodard and Calvery," male albino New Zealand strain 


6. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study 
of Irritation and Toxicity of Substances Applied Topically to the Skin and Mucous 
Membranes, J. Pharmacol. & Exper. Therap. 82:377, 1944 
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rabbits being used. Measured amounts of the material were placed 
under an impervious plastic sheeting which encircled the trunk of the 
animal. The hair had previously been removed from this area by means 
of electric clippers. The sheeting was securely fastened so that little 
or no material was lost during the 24-hour period of immobilization. 
After removal of the sheeting the rabbits were observed for 13 additional 
days. The plan for dose selection and LD,, calculation parallels that 
used in the acute toxicity oral studies. 

Commercial allethrin has a R.F. LD. of 11.22 (4.52 to 27.90) 
ml./Kg. for rabbits when applied undiluted. The application of a 20 
per cent dilution in dimethyl phthalate allowed the survival of five rabbits 
which received the maximum dose possible with this dilution, namely, 
4 Gm./Kg. This result is in contrast to a R.F. LD,, of 0.71 (O41 to 
1.23) Gm./Kg. for the allethrin applied as a 20 per cent dilution in a 
petroleum distillate. This undiluted distillate was quite toxic in itself 
with a R.F. LD.,. of 1.55 (1.01 to 2.38) ml. Kg. 

For comparison the R.F. LD,, for purified pyrethrum oleoresin 
applied as sold, in the form of a 20 per cent dilution in a petroleum 
distillate, is 2.06 (1.10 to 3.68) Gm./Kg. On the other hand, a second 
commercial preparation of similar strength allowed the survival of five 
rabbits at a dose level of 3.16 Gm./Kg. Toxicity by the percutaneous 
route is of a low order for undiluted allethrin, as this material penetrates 
the skin poorly. However, when it is incorporated in a vehicle which 
facilitates skin penetration, toxicity is appreciably increased. 

Histopathologic examination of kidney, liver and lung from rabbits 
treated with undiluted allethrin indicates that renal and hepatic damage 
are caused by this material. Cloudy swelling of the convoluted and loop 
tubules of the kidney and active or generalized cloudy swelling of the 


liver, with much fine pigment free and in the Kupffer cells, were noted 
in the organs of the rabbits that succumbed. The same type of pathologic 
change was also apparent in some of the survivors. Pulmonary con 


gestion was also found among the rabbits that succumbed. 


EYE AND 


SKIN IRRITATION 


PESTS 
Neither undiluted commercial allethrin nor a 40 per cent dilution 
in deo-base® caused damage to the cornea of the rabbit eye when applied 
to groups of five eyes in 0.5 ml. amounts. To detect any injury, the 
eyes were stained with 5 per cent aqueous fluorescein before treatment 
and again 24 hours after instillation of the dose. In the same test 20 
per cent pyrethrum oleoresin caused trace injuries on four of five 
rabbit eyes, but this damage is of little or no import. 

The ability of allethrin to irritate rabbit skin was investigated by 
means of a modified vesicant test, a four-hour repeated application test, 
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a three-day repeated application test and a three-week wear test. The 
last also provided information on the systemic effect of prolonged skin 
contact. 

In the vesicant test 0.01 ml. amounts of undiluted allethrin were 
applied to the clipped bellies of five albino rabbits and the reactions 
observed 24 hours later. The degree of irritation is scored on the basis 
of the presence of necrosis, edema, erythema or capillary injection. The 
commercial grade allethrin produced no reaction greater than marked 
capillary injection. This reaction is equivalent to that produced by 
menthol, and it is only slightly more severe than that produced by 20 
per cent pyrethrum concentrates in petroleum distillates. 

The four-hour belly skin irritation test was performed on rabbits 
which had been selected for particularly sensitive skin. These animals 
were screened by applying 2-ethylhexyl carbitol® (2-[2-a-ethylhexoxy- 
ethoxy ethanol) to an area on the belly, which was subsequently 
avoided in the test, and then rejecting any animal that did not react 
with moderate to marked erythema within 30 minutes from the time of 
application. Undiluted commercial allethrin was repeatedly applied in 
0.01 ml. amounts at 30-minute intervals for a four-hour period (eight 
applications) to selected areas on the clipped bellies of tive rabbits and 
the reactions read 24 hours later. The worst reaction induced on any 
individual rabbit was moderate erythema. 

In the three-day repeated application test, two or four materials 
may be compared on the same rabbit belly if applications of 0.025 ml. 
are made adjacent to each other on opposite sides of the ventral midline. 
The applications are made three times daily at four-hour intervals. 
Reactions are read on the following morning before the materials are 
reapplied, 

Undiluted commercial allethrin, 20 per cent commercial allethrin in 
deo-base,” undiluted deo-base® and 20 per cent pyrethrum extract in 
petroleum distillate were compared on five rabbits. The results as read 
on the morning after the ninth application showed that deo-base® 
caused the most severe reaction, The 20 per cent pyrethrum extract 
was equivalent to undiluted allethrin, and the 20 per cent allethrin was 
slightly more reactive than 20 per cent pyrethrum extract or the 
undiluted allethrin, 

Undiluted commercial allethrin was compared with a concentrate of 
84 per cent pyrethrins | and II in this same test on areas of intact skin 
and areas of scarified skin. The readings after nine applications revealed 
that on intact skin allethrin was equivalent to the concentrate of pyre- 
thrins on two rabbits and slightly more irritating on a third. The 
scaritied areas healed equally well despite the repeated applications of 
both the undiluted materials. 
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The wear test used by Draize ' 
oz./sq. yd. drill cloth with 1.0, 2.0 and 4.0 Gm./sq. ft. of commercial 
allethrin. These '% sq. ft. pieces were placed around the anterior portion 


was performed by impregnating 8 


of the clipped trunk in groups of six rabbits and sewed together over 
the backbone. The tension was such that when the rabbit sat in a 
normal position the band did not wrinkle and mechanically damage the 
skin on the belly. The aim was to determine the reaction on intact skin, 
and areas injured mechanically were disregarded in the interpretation 
of results. Freshly impregnated bands were applied at intervals of 
three or four days, and the test was continued for three weeks. 

After the third day of wear the reactions were minor at 1 Gm. 
sq. ft., moderate at 2 Gm./sq. ft. and marked, with erythema and desqua- 
mation encircling the trunk, at 4 Gm./sq. ft. Inspection on the sixth 
day showed residual erythema and desqnamation at 4 Gm./sq. ft. and 


minor erythema, probably caused by chafing at 1 and 2 Gm./sq. ft. By iE 


the ninth day the 4 Gim./sq. ft. group was practically normal and : 


remained so during completion of the three week period of wear. 


Reactions after the ninth day occurred sporadically and were attributed 


to mechanical chafing rather than to action of allethrin. No evidence 


of systemic damage was noted among any of the groups as judged by 


their mean weights. The | Gm./sq. ft. group showed an increase of 


298 Gm., the 2 Gm./sq. ft. group lost 13 Gm. and the 4 Gm./sq. ft. 
group gained 206 Gm. during the period of treatment. 


SENSITIZATION 


A group of 23 male albino guinea pigs was subjected to a course 
of eight intracutaneous injections of a O.1 per cent dispersion of 
commercial allethrin. (The dispersion was prepared by rapidly intro- 


ducing 1.0 ml. of 3 per cent allethrin in propylene glycol into 29 ml. 


of 0.75 per cent NaCl in double-distilled water. The control contained 


3.3 per cent propylene glycol in 0.75 per cent NaCl in double-distilled 


water.) These injections were given at intervals of two or three days 


over a period of 17 days. The animals were then rested for a 21 day 


period before sensitizing doses of both the allethrin dispersion and the 
propylene glycol control were administered intracutaneously. There 


was no evidence of sensitization having been accomplished, as propylene 
glycol alone produced a response equivalent in area and intensity to 
that which resulted from injection of the allethrin dispersion. 


SUMMARY 


Two separate inhalation studies on aerosols containing 1 per cent 
by weight of allethrin or of pyrethrins, 9 per cent of peanut oil and 90 
per cent of freon® 12 were carried out at concentrations in excess of 
50 Gm. of total formulation per 1,000 cu. ft. of space. 


Personal communication to the authors 


7. Draize, J. 
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In the first study laboratory-produced allethrin and the comparative 
aerosols caused no detectable injurious effects on rats exposed twice 
daily for 30-minute periods up to a total of 85 such periods within 67 
calendar days. In a second similar study a sample representing com- 
mercially produced allethrin caused no injury in rats or dogs receiving 
40 exposures, each of 30 minutes’ duration, within 27 calendar days. 

Single 30-minute exposures of rats to concentrations of aerosols of 
commercial allethrin and pyrethrins on the order of 350 times the level 
used for the repeated exposures caused no visible damage, nor did they 
depress weight gain during a subsequent 14-day observation period. 

A fog of commercial allethrin produced by a vaponefrin® nebulizer 
was lethal to one of 10 rats in a two-hour exposure at a concentration 
of 19 mg./L., and only four of 10 succumbed in a four-hour exposure 
to 13.8 mg./L. These massive concentrations of allethrin are respectively 
10,000 and 7,000 times the amounts that would be present in the aerosols 
utilized in freeing aircraft from insects. The extreme viscosity of an 84 
per cent pyrethrin concentrate and its unavailability made comparisons 
by this method impossible. 

The single dose acute oral LD,,’s of commercial allethrin for rodents 
fed 20 per cent dilutions in deodorized kerosene are as follows: mice 
0.48, rats 0.92 and rabbits 4.29 Gm. Kg. Two different samples of 
purified pyrethrins, 20 per cent in petroleum distillate, gave LD,, 
values of O.82 and 1.87 Gm./Kg. for rats. P 

The LD,, of undiluted commercial allethrin for rabbits by the per- 
cutaneous route is 11.2 ml./Kg. Dilution in deodorized kerosene 
markedly increases toxicity by skin penetration, but dimethyl phthalate 
appears not to aid penetration. 

Undiluted commercial allethrin and dilutions in deodorized kerosene 
are harmless to rabbit eyes, but they cause moderate erythema of the 
clipped skin of the rabbit belly when applied in single or repeated 
applications. Drill cloth impregnated with this allethrin at the rate 
of 4 Gm. per square foot caused marked erythema of the hair-free 
trunk of rabbits when worn for three days. Subsequently these reactions 
subsided even though the impregnated bands were reapplied twice each 
week during a 21-day period of wear. No systemic injury, as judged 
by weight changes, resulted, and all skin reactions had subsided in this 
interval 

Guinea pigs could not be sensitized by a course of eight intracutane- 
ous injections of a 0.1 per cent dispersion of allethrin in 3.3 per cent 
propylene glycol in isotonic sodium chloride solution followed by a 
21-day incubation period before retest. 

The evidence presented above indicates that commercial allethrin 
is of the same relative order of toxicity as pyrethrins. On the basis of 
this comparison we conclude that it may be used safely as an insecticide 
in sprays and aerosols. 
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CHRONIC ORAL TOXICITIES OF MERCURI-PHENYL 
AND MERCURIC SALTS 


O. GARTH FITZHUGH, Ph.D 
ARTHUR A. NELSON, M.D., Ph.D. 


EDWIN P. LAUG, Ph.D. 

AND 

FRIEDA M. KUNZE, 
WASHINGTON, D.C. 


RGANIC mercurials, exemplified by the type of compound R-Hg*, 


where RK represents an organic radical such as phenyl, have come 


into increasingly general use as fungicides on fresh fruits and vegetables, 


as for example the use of phenylmercuritriethanolammonium lactate 


against apple scab. Generally speaking, compounds of the R-Hg* type 


in proper dilution produce less irritation of mucous membranes than 


R-Hg**, represented by the time-honored mercury bichloride. It has 


been assumed that the organic mercurials are also less toxic orally. 


This was recently epitomized by Cotter,’ who stated that the use of 


compounds of the type of phenylmercuric salts, as fungicides, germicides, 


etc., was entirely without danger to the public. However, a search of 


the literature has not revealed satisfactory supporting evidence for such 


statements, and toxicity data on long term experimental consumption of 


organic mercurials appear to be lacking entirely. Such information is 


a basic requirement for the tolerance hearings now in progress under 


the Federal Food, Drug and Cosmetic Act, and it should be of value 


to all persons interested in the possible hazard of toxic residues on fresh 


fruits and vegetables. The following experiments were conducted with 


a view to supplying some information on the comparative chronic oral 


toxicities of phenylmercuric and mercuric compounds. 


METHODs 


Phenylmercuric acetate aod mercuric acetate were chosen as representative of 


the R-Hg * and Hg ** classes of mercury compounds. The salts were incorporated 


in the diets at the following concentrations of mercury: phenylmercuric acetate, 


Division of Pharmacology, Food and Drug Administration, Federal Security 
Agency. 

1. Cotter, L. H.: Hazards of Phenylmercuric Salts, Occup. Med. 4:305, 
1947, 
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0.1, 0.5, 2.5, 10, 40, 160 p. p. m.; mercuric acetate, 0.5, 2.5, 10, 40, 160 p. p.m. Rats 
were used in the study. Twenty weanlings, equally divided as to sex (24 each 
at 10, 40 and 160 p.p.m. mercury) were placed at each level. In addition there 
were two control groups of 20 rats each. The basic diet was composed of the 
following ingredients: sucrose, 63 per cent; casein, 18 per cent; corn oil, 6 per 
cent; brewers’ yeast, 5 per cent; salt mixture (U.S. P. XIII no. 2), 4 per cent; 
whole liver powder, 2 per cent, and cod liver oil, 2 per cent. The mercury salts 


were added to the basic diet in the dry form and incorporated by means of a dough 


mixer. The animals ate ad libitum and were checked for body weight and 
food consumption at weekly intervals. Some of the animals were allowed to live out 


MERCURIC ACETATE 
PHENYL MERGURIC ACETATE 


160 


o 3 9 ‘5 21 27 33 39 45 5152 
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Lu 
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Fig. 1.—Growth curves of male and female rats fed mercuric acetate or phenyl 
mercuric acetate in their diet, the mercury level being 160 p. p.m. 


their natural span of about two years. At two separate times, at six months and 


at one year, urine and feces were separately collected over a 24-hour period from 


members of each group and analyzed for mercury At the age of 1 year, two 


males and two females from each group were killed and their liver and kidney 


tissues analyzed for mercury. Terminal analyses were made on nearly all the 


animals which died between the ages of 18 months and 2 years. Of the 284 rats 


started on these experiments, 197 were examined in the pathology laboratory 


Microscopic sections were made of kidney, liver and (in males) testis from 98 


animals, while a detailed microscopic examination of the viscera was made in 45 


additional instances; tissues of 54 animals were not sectioned for microscopic 


examination, often because of advanced postmortem autolysis. 
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RESULTS 


Growth curves of the experimental groups did not deviate greatly 
from those of controls. Figure 1 shows that phenylmercuric acetate 
when fed at a level of 160 p. p.m. mercury in the diet had a greater effect 
on growth than mercuric acetate at the same level. This dietary level 
of mercury as mercuric acetate had no effect on the growth of the female 
animals. Lower levels of mercury as mercuric acetate had no effect on 
the growth of either males or females, whereas 40 p. p.m. mercury as 
phenylmercuric acetate significantly retarded the growth of both sexes, 
and 10 p. p.m. retarded the growth of the males. None of the dietary 
levels of either substance affected the food consumption 

Both mercuric acetate and phenylmercuric acetate at dosage levels of 
40 and 160 p.p.m. mercury produced significant enlargement of the 


Tasie 1.—Mean Liver and Kidney Weights of Rats Fed Mercurie Acetate or 
Phenylmercuric Acetate 


Dietary 

Level of Liver, Kidney, 

Mercury, Gm./Ke. of tim./ Kg. of 
Compound ppm. Animals Body Wt Body Wt 


Control.. 
Mereuric acetate 


Phenylmercurie acetate. 


0.06 


kidneys (table 1). Because of the occurrence of several large kidneys, 
the mean kidney weight of the animals given 0.5 p. p.m. mercury as 
phenylmercuric acetate differed significantly from that of the controls. 
Other dosage levels had no significant effect on the weight of the kidneys. 
Although the mean differences are not significant, the livers of animals 
given 40 and 160 p. p.m. mercury (both salts) were slightly heavier than 
the control livers. 


Phenylmercuric acetate at the dosage level of 160 p. p.m. mercury 
reduced the average survival pericd. No animal in the group on this 
dosage level survived as long as 18 months. Other dosage levels did 
not increase the mortality rates. 

Data from the chemical examination of the liver and the kidneys of 
animals killed at the age of 1 year and of those dying within the last six 
months of the two-year period are recorded in tables 2 and 3. The data 
are given without sex discrimination, since it was found that this factor 
was not a significant variable. The most striking fact is that diets 


3 
0 5 8.5 + 3.9 w.5+ 
25 33.5 + 2.8 156+ 17 
‘4 6.2 + 3.9 99 +13 
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containing the same quantity of mercury but in different forms, viz., 
phenylmercuric acetate and mercuric acetate, produced such large dif- 


. ferences in tissue concentration of mercury. For example, at 0.5 p. p. m. 


mercury the liver contained on the average 21% times, the kidneys 
28 times, as much mercury after phenylmercuric acetate as after mercuric 


acetate. At the 160 p. p. m. level the differences between liver concentra- 
tions are even more striking even though there is a tendency toward 
lower mercury concentration in the kidneys after ingestion of phenyl- 
mercuric acetate. With the exception of the kidney values at the 10, 40 
and 160 p. p.m. levels of mercury as phenylmercuric acetate, there is a 


significant positive regression for both compounds relating dosage level 
and storage. 


Taste 2.—Storage of Mercury in the Liver and Kidneys of Individual Rats Which had Been Fed Phenyl- 
mercuric Acetate and Mercurie Acetate for a Period of Twelve Months * 


Micrograms Morceury Stored per Gram of Wet Tissue with Given Mereury Content of Diet in Parts per Million 


Compound 0 6.10 p.p.m OS) p. pom p.p.m 10.0 P. p.m 40 p.p.m, 100 p. p.m 


6 Liver Kidney Lover Kidney Liver Kidney Liver Kidney Liver Kidney Liver Kidney Liver Kidney 


Control 


Ay 


Phenyl! i ! 7 
mereurle 0.08 15 0.0 an 1.8 29 1 45 ! 22 
acetate 7 4 


Av 
Mercuri 
acetate 


Ay 


* All the animals in this group. were killed at the age of 12 months 


It should be emphasized that at 0.1 p. p.m. mercury as the phenyl- 
mercuric acetate significantly more mercury was stored in the liver and 


the kidney than in the controls. On the other hand, at 0.5 p. p.m. 
mercury as mercuric acetate the liver gave values differing not at all from 
the controls, while the kidneys showed only a slight increase in stored 
mercury 


Table 3 shows that the higher storage of mercury after ingestion of 
phenylmercuric acetate continues in those animals which consumed the 
diet to ages between 18 months and 2 years. Comparing the amounts of 
mercury stored in the kidneys in the two age groups, it can be seen that 
no clearly defined trend of storage can be associated with age. On the 
other hand, such a trend can be seen in the livers; there is a tendency 
for more mercury to be stored in this tissue with age. It should be 
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emphasized, however, that because of the limited number of animals, it is 
only at 0.5 p.p.m. mercury as phenylmercuric acetate that the liver 
storage in the older group is significantly higher by the usual statistical 
criterion (p = 0.05). 


Taste 3.—Storage of Mercury in the Liver and Kidneys of Individual Rats Which Had Been Fed Phenyl- 
mercuric Acetate and Mercuric Acetate for a Period Ranging from 
Eighteen Months to Two Years* 


Micrograms of Mercury Stored per Gram of Wet Tissue with Given Mercury Content of Diet in Parts per Million 


Compound 0.10 Pp. p.m 0D) p.pom pum 
Kidney Liver Kidney Liver Kidney 
Control 0.08 
Os 
0.29 
0.00 


10.0 10 169 p.p.m 
A 


Liver Kidney Liver Kidney Liver Kidney Liver Kidney 


Phenyl! 
mereuri¢e 
acetate 


Av 
Mercurie 
acetate 


Ay 


* With the exception of a few animals which lived two yeavs, and which were put to death, this group represents animals 
which died at ages ranging from 18 months to 2 years 


TaBLe 4.—Twenty-F tiour Excretion of Mercury by Rats Fed Phenylmercuric 
Acetate and Mercurie Acetate 


Phenylmereurie Acetate Mereurie Acetate 
Mercury Intake - 

‘ -, Urinary Fxeretion Fecal Exeretior Urinary Exeretior 
etary - 
Level, Total, 


ppm. AV., wg ug.* Intake 


Feeal Exeretion 
Total, ~ of Total, b of Total of 
Intake Intake Intake 

is 


82 


> 4 


The total represents the average to 12 animals at each level of intake 


Table 4 shows the amounts of mercury excreted in the separated 


urine and feces. It is at once apparent that the urinary content of 
mercury is much higher after phenylmercuric acetate than after mercuric 
acetate. This would indicate that the former compound is absorbed 


from the intestine at an increased rate. There is some support for this 


thesis when it is observed that the intestinal excretion of the two com- 


re 
Av. 0.07 0.28 Sees ase =e 
0.67 20 0.30 6.2 0.88 6 95 6 
0.08 16 0.31 9.2 0.56 29 19 17 ae es 
0.29 42 O48 1.2 1. 84 om 
0.08 0.80 6.15 0.76 8.5 12 ig 
0.14 0.59 0.0 15 0.14 4.8 0.18 3.9 12 61 
: E 0.70 0.09 0.26 4.0 0.39 32 3 
0.09 0.36 6 63 6.78 0.18 62 0.57 2.5 0.66 87 
2 - - 
7 
10 10 9.3 62 40 27 0.76 
100 2,400 57 2.4 a) 
er 
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pounds favors mercuric acetate, assuming that the quantities found in 
the feces represent largely unabsorbed mercury. 

Gross Pathologic Findings.—The gross anatomic changes attributed 
to ingestion of mercury were granularity, fibrosis and enlargement of the 
kidneys and, less frequently, moderate paleness of the viscera, suggestive 
of anemia, and the presence of hair balls in the stomach. The first of 
these changes occurred also in the control animals but later and less 
intensely than with the administration of mercury. The latter two 
changes were not seen in the controls or with less than 40 p. p.m. 
mercury as mercuric acetate but were noted even at the lowest level of 
mercury as phenylmercuric acetate in the case of hair balls and at the 
next lowest in respect to pale viscera. Each of these two conditions was 
noted 10 times among te 197 examined animals; in five of these they 
were associated. Statements concerning paleness of the viscera are based 
on examination of the formaldehyde-fixed tissues as received in the 
pathology laboratory, and it is probable that the condition was not as 
pronounced in the unfixed tissues. In the first half of the experimental 
period a considerable number of animals died from massive pneumonia ; 
there was no relation of pneumonia to dosage of mercury. One further 
gross lesion that may be attributed to mercury occurred only in the 
single group given 160 p. p.m. of the metal as phenlymercuric acetate. 
Two of these animals had extensive inflammatory involvement of the 
cecum, The remaining occasional lesions (arteritis, tumors, testicular 
atrophy, etc.) showed no correlation with treatment. 

Microscopic Observations.—Forty-five rats were examined micro- 
scopically in a detailed manner. In essentially every instance, sections 
were made of the following structures: lungs, heart, liver. spleen, pan- 
creas, stomach, small intestine, colon, kidney, adrenal gland, thyroid 
gland, testis (or uterus and ovary), leg muscles, leg bones and bone mar- 
row. As previously stated, in 98 additional instances sections were made 
only of liver, kidney and (in males) testis. A number of lymph nodes 
and parathyroid glands were incidentally sectioned, and brain and skin 
were sectioned in four instances. 

Kidney: First in ‘chronological order there were hypertrophy and 
dilatation of the proximal convoluted tubules in the inner half of the 
cortex, with various epithelial changes, such as increased oxyphilia, 
rounding of cells, assumption of slightly columnar form, hyaline granular 
degeneration, etc. Infrequently there was a different type of alteration, 
with slightly vesicular nuclei and slightly basophilic cytoplasm, which 
sometimes went on to necrosis and sloughing of the cells. Other types 
of tubules did not appear affected at this time. As the lesion progressed 


(fig. 2) the dilated tubular segments became larger, hyaline casts appeared 
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within them and within other tubules in both the medulla and the outer 
half of the cortex, some tubular segments atrophied, and fibrosis and a 


slight to moderate chronic cellular inflammatory infiltration set in. The 
still oxyphilic epithelium of the dilated tubules showed a slight tendency 
toward sloughing and multinucleated cell formation ; small or occasionally 


moderate amounts of brown pigment were sometimes seen, especially in 


cells of atrophic tubules. In the latter situation, with Perles’ reaction for 


iron, pigment was strongly positive, while a weaker reaction was given 


Fig. 2—Kidney section of a female rat consuming phenylmercuric acetate for 
81 weeks, the dietary level of mercury being 05 p.p.m. It shows relatively 
advanced, although not the most advanced, stages of the tubular dilatation, atrophy 
and other changes described in the text. Two glomeruli, not greatly altered, are 
seen near the top of the section 


by pigment elsewhere. As the lesion progressed still further, some of the 
dilated tubular segments became small cysts, a millimeter or more in 
diameter, lined with a low nondescript epithelium without a brush border. 
Cortical fibrosis was usually extensive at this stage. Involvement of 
glomeruli and of tubules other than the proximal convoluted tubules 
(atrophy, casts, fibrosis, etc.) was secondary to proximal tubular involve- 


ment but was sometimes prominent. The impression was gained that 
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there was somewhat of a backward progression of the lesion in the prox- 
imal convoluted tubule as the process advanced. In the earlier stages of 


the advanced lesion the cystic tubular segment could be seen under low : 
power to be at a definite level in the cortex. 

With respect to the relation of dosage level of mercury and degree 
of renal damage, it will be noted in table 5 that (a) in all groups 
excepting 160 p, p.m. as phenylmercuric acetate but including controls, 
the female kidneys were damaged more than the male, (b) the time 


element was important and (c) roughly 20 times as much of mercury in 
the form of mercuric acetate was required to cause the same degree of 
renal damage as of mercury in the form of the phenylmercuric acetate. 
: As little as -10 p. p.m. mercury as phenylmercuric acetate caused severe 


Taste 5.—Comparative Damage Caused in the Rat Kidney by Ingested 
Mercurie Acetate and Phenylmercuric Acetate 


Renal Damage 


Females Males 
ft of Mereury, One Year Entire One Year Entire 
Compound Group Group Group Group 
# Control 0 None Slight None Very slight 
Mercurie 160 Moderate Moderate to Slight Slight to 
marked moderate 
acetate 40 Very slight Slight to Very slight Slight 
| moderate 
‘ 10 or less None Sheht None Very slight 
Pheny!mereuric 16 Marked Marked Marked Marked 
acetate 40 Marked Marked Very slight Moderate to 
slight 
4 10 Marked Marked None Slight 
2.5 Slight Moderate None Slight 
05 Very slight Moderate None Very slight 
None Slight None Very silght 


damage of the kidneys in females at 1 year, and as little as 0.5 p. p.m. 
caused detectable damage. 
There must, naturally, be considered the histologic differences, if any, 


between the lesion in the mercury-fed animals as described above and the 


more acute renal tubular lesions from mercury frequently reported in the 
literature, as well as the differences between the former and the renal 
lesion in the controls. The acute lesion is characterized by coagulative 
necrosis affecting a large percentage of the proximal convoluted tubules, 
In the present material such a severe acute alteration was seen only 
rarely and in but a few small segments. The onlv basic difference 
between test and control animals appeared to be a time element: other- 
wise, the various histologic features present in the severely damaged 
kidneys of the mercurialized animals were present to some degree in the 


control animals with renal damage. In other words, at these low levels 


in the diet mercury apparently simply hastened and increased the “nor- 
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mal” degenerative processes which would have taken place in the same 
kidneys had the diet been identical except for the presence of the mercury 
compounds. 

Other Structures: The two ceca mentioned under “Gross Lathologic 
Findings” showed thickened, necrotic walls and extensive, shallow, 
ragged ulceration. The process was relatively acute. The stomach was 


normal ; i. e., the mucosa showed no effect of the presence of hair balls in 
the lumen. Seven of the bone marrows revealed a slight normoblastic 
hyperplasia, which was accompanied with a similar change in the spleen, 
An exact allocation of the responsible factor was not attempted, since 
more work would have been involved than seemed justified in view of the 
absence of peripheral blood studies, but the hyperplasia appeared to be 
more correlated with paleness of the viscera and hair balls in the stomach 
than with dosage of mercury. Liver, testis and thyroid gland, frequent 
indicators of toxicity, did not appear affected by mercury at any level, nor 
did lung, pancreas, small intestine, colon, adrenal gland, uterus, ovary 
or leg bone. Heart and leg muscles would be in the latter category were 
it not for a single instance of focal calcification of each (in one of the 
two animals with cecal ulceration) ; here the question may be raised 
whether the calcification did not depend on the alteration of the gastro- 


intestinal physiology rather than on the mercury. 


COMMENT 


Given equivalent amounts of mercury as mercuric acetate or phenyl- 
mercuric acetate in the diet, it is evident that the toxic response of the 
rat is considerably greater to the latter compound. Although it is true 
that criteria such as growth, mortality and organ weights permit dis 
crimination between the two compounds only at the highest level of 
mercury intake, there is a distinct histologic response in the organ most 
involved, the kidney, at extremely low levels of mercury intake. Thus 
it can be seen that phenylmercuric acetate produces renal lesions in the 
female at a mercury level of 0.5 p. p. m., whereas from 10 to 20 times as 


much mercury is required to produce similar effects with mercuric acetate 


Increased storage of mercury in the kidney can be related in a general 
way to increased injury in this organ. In the specific case of the female 
kidneys, however, which showed greater injury than the male kidneys 
even at a lower level of mercury intake, no significantly greater storage 
of the metal could be demonstrated. The fact that the renal excretion of 

' mercury is higher after phenylmercuric acetate than after mercuric 
acetate indicates that the former compound is more readily absorbed, a 
fact which is strikingly emphasized when reference is made to the amounts 


of mercury stored in the liver and the kidney 
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SUMMARY 

Phenylmercuric acetate in the diet is chronically more toxic to the 
rat than is mercuric acetate. 

Phenylmercuric acetate in the diet causes from 10 to 20 times as 
much storage of mercury in liver and kidney tissue as of mercuric acetate. 


Detailed histopathologic examination of the animals was done. The 
most important lesion that may be attributed to mercury was renal 
damage, consisting principally of an intensification in time and degree 
of the same type of damage as that occurring in the controls, and 
eventually leading to large, fibrous, granular kidneys. This effect was 


seen from even as little as 0.5 p. p. m. mercury given in the form of 
phenylmercuric acetate. 


| 
4 
iv 
= 
4 


COLLECTION AND ANALYSIS OF SOLIDS IN 
URBAN ATMOSPHERES 


J. CHOLAK, Ch.E. 
L. J. SCHAFER, B.S.E.(Ch.E.) 
AND 


R. F. HOFFER, B.S. 
CINCINNATI 


OLIDS in the atmosphere are collected and analyzed by workers in 
many fields. Generally, the aim has been the identification of an j 
individual constituent or the determination of the weight of material in : 
a unit volume of air. Questions concerning the causal relationship 
between air pollution and health, however, require more complete knowl- 
edge of the qualitative and quantitative composition of the air breathed 
by men. Moreover, the information required is so diverse in nature 
that a great variety of equipment and analytical methods must be used to 
obtain the data. Since standardized analytical procedures are not avail- 


able at present, these are being developed by various investigators who 
have been put to the necessity of choosing equipment and methods 
applicable to their own requirements. 

It is the purpose of this paper to describe the methods and equipment 
which have been used in our investigation of atmospheric conditions in 


Cincinnati, with respect to certain solid constituents. Our analysis of 
the solids is limited to particulate matter other than pollen and bacteria. 
It does not include the determination of condensation nuclei as such, i 


nor does it include at this time more than a cursory examination of the 
dust for particle size or for distribution of particle size. Otherwise, 


efforts have been directed increasingly toward comprehensive analyses 


by the use of methods of proved sensitivity and accuracy for the deter- 
mination of potentially toxic substances. This study is now entering its 
fourth year, having expanded so that samples for the analysis of parti- 


culates are collected each month at more than 20 stations 


The stations 
have been chosen in relation to various factors, including density of 


From the Kettering Laboratory, Department of Preventive Medicine and 
Industrial Health, University of Cincinnati, College of Medicine 

The material in this paper was presented May 22 by one of us (J. Cholak) 
before the Smoke Inspectors’ Conference at the Convention of the Smoke Prevention 
Association of America, Montreal, Canada, May 21 to 25, 1950 
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population, industrial and business activity, traffic, altitude and direction 
of prevailing wind, The observations include the determination of a 
variety of gaseous pollutants, as well as the solid contaminants dealt with 
in this discussion, 


It is recognized, in relation to these methods, that the purchase of 
sampling and analytical instruments of the type employed constitutes a 


heavy financial burden. However, a comprehensive study of the nature 


of air pollution would be impossible without such equipment, and actually 


other items such as the electron microscope and the mass spectrograph 


must be available if other types of seemingly necessary investigations are 
to be carried out, 


SETTLED DUST 


Solids in the atmosphere of a city may be collected in several ways 


depending on the information which is desired. One method particularly 


useful for determining rates of dust fall depends on the trapping of 


Tanie | leverage Dust Fall Expressed as Tons per Square Mile per Month 
for Four Areas of Cincinnati 


Area 1947-1948 1948-1949 3 Yr. Av. 


Suburb removed from industry 13.6 14.6 7.7 12.0 
Industrial area in basin of city las 156 iM 143 
Husiness area in basin 2 aw 
Area leeward of basin Chilltop) 3 


material which settles out of the atmosphere under the action of gravity. 


The equipment used is simply a jar of known diameter which is set out 


for varying periods, usually a calendar month, at any desired location. 


The use of dust jars is a common means of measuring soot and fly-ash, 


yet the equipment and methods do not follow standardized patterns. 


The usual dust jar is 4 to 5 inches in diameter and 10 to 12 inches in 


height, and is most often set out on the roof or ledge of a building, or 


on a special stand at some fixed height. The trapping medium used is 


generally water with certain additions, such as glycerin to prevent 


freezing in cold weather and other compounds to inhibit growth of molds 


in warm weather. The difficulties of obtaining representative samples 


and of interpreting the findings are familiar and need not be gone into 


here. However, two important disadvantages of samples obtained by 


this means are: (1) The sample does not record the small particles 


which remain suspended in air indefinitely and which are the most 


important trom the hygienic standpoint, and (2) the particles are not 
collected in their natural state. Nevertheless, this type of sample is 


useful for comparing relative cleanliness both as to location and season. 


Table 1 gives the type of data for which this type of sample is best fitted. 


It gives the average dust fall in tons per month for four representative 
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areas of Cincinnati for three complete years. This sample can be sub- 
jected readily to the determination of its proportion of combustible 
materials and to the identification of the principal constituents of its ash. 
Table 2 gives the seasonal variations with respect to dust fall and 
percentage of combustible material for the same stations for the entire 
period, For our purposes the year has been divided into three seas« ms 5 
the cold months, consisting of November, December, January and 
February ; the cool months, March, April, May and October, and the 
warm months, June, July, August and September. 
LARGE 


UNALTERED SAMPLES 


In order to obtain an unaltered sample of atmospheric dust, which 
will include the particles that remain suspended in air and can be inhaled, 
it is necessary to use dynamic sampling technics involving filtration, 
impingement or electrostatic precipitation. 


Taste 2.—Seasonal Variations in Settled Dust and Combustible Material 


(Averages far Three Years) 


Cold Months Cool Months Warm Months 
Per Cent Per Cent Per Cent 
Con Com (om 
Area Dust* bustible Dust* bustible Dust* bustible 


Area upwind of city... 99 W3 M49 42.7 12.1 “49 
Industrial area in basin 158.7 $1.7 139.9 417.8 129.2 
Business area in basin... - 126.4 48.8 105.4 46.7 85.8 43.7 
Hilltop area windward of basin 41.3 53.8 43.6 42.7 18.4 46.6 


* Tons per square mile per month 


Filtering procedures for collecting dust may employ filter paper or 
holders filled with mats of organic material. Sugar, salicylic acid, 
anthracene, naphthalene and others are examples of the materials used2 
Although relatively simple and cheap, the filtering methods have dis- 
advantages. In all the rate of sampling varies as the load on the filter 
increases. At times sufficient quantities of dust can be obtained for 
chemical analysis, but if the dust is in very small particles, some may 
pass the filter, while others soon clog the filter, reducing the flow to 
negligible amounts. Generally, therefore, the size of sample collected is 
too small for complete analysis, while its removal, particularly from the 
mat of organic material, requires special handling which may introduce 
complications into the analysis. Filter paper methods, nevertheless, are 
useful, and they may be employed for determination of the relative soot 
content of the air and for the collection of samples to be analyzed for 
individual components, such as lead* or beryllium. The capacity of 
certain papers for the retention of fine particles is good, efficiencies of 


1. Jacobs, M. B.: The Analytical Chemistry of Industrial Poisons, Hazards, 
and Solvents, ed. 2, New York, Interscience Publishers, Inc., 1949 

2. Silverman, L., and Ege, J. F., Jr.: A Filter Paper Method for Lead Fume 
Collection, J. Indust. Hyg & Toxicol. 25:185-188, 1943. 
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YS + per cent having been attained with reference to the collection of 
certain fumes.* 

Impingement methods, such as those employing the Greenberg-Smith 
impinger, cannot be considered as entirely satisfactory for the collection 
of atmospheric dusts for two reasons: (1) They have a low collection 
efficiency for particles smaller than 1 micron ¢ and (2) the use of liquids 
prevents collecting the sample in an unaltered state. 


The most satisfactory method available at present for collecting 
atmospheric dusts involves the use of the electrostatic precipitator.* In 


Tape 3 


Method of Attack and Analytical Results in Percentages of Original Weight of Dust Collected 
Over a Period of a Month by a Commercial Electrostatic Precipitator 


Te posit 


| 


4 
Extracted by Benzene 


4 + 
} Portions Combustible = 47.4 
+ Total S™ 1,78 
F 5e O07 
‘ Be 0.0082 
Residue 4 Zn *« 0.565 
Benzene extractable 3.2 As ** = 0.007 
Cd Nil 
Digest with water Sb 0.008 
He *! 0.0005 
$ Spectrographic 
4 
Residue 4 4 
Water soluble 10.2 
| ‘ 4 4 4 4 
. ‘ 4 Mn Pb Sn Fe Al Cu Ag 
Ignited at 600° © 0.047 0.248 6.075 2.52 0.93 0.016 
4 


+ 
F Flame 
0.35 1.41 0.02 speetrography ©) 


Na K Ca Mg Mn Fe &r 
0.50 1.1 0.2% 0.76 0.0 
Actd treatment 


‘ 


| 
Residue + 
Acid soluble 18.6 
ray diffraction 
crystalline free sillen 


order to collect a large sample, it is necessary to use a household or 
industrial type of precipitator and to collect each sample over periods 


of several days (sometimes weeks). This type of equipment, however, 


is not practical for determining variations in dustiness diurnally and from 
day to day, or for collecting samples at several stations within reasonable 
periods. When large samples are required, therefore, a good arrange- 


ment is that of employing as sampling stations certain private homes, 


3. Silverman, L., and Valenzuela, C.: Filter Paper Collection of Cadmium and 
Iron Fumes in Air, J. Indust. Hyg. & Toxicol, 28:107-111, 1946 

4. Drinker, P., and Hatch, T.: Industrial Dust: Hygienic Significance, New 
York, MeGraw-Hill Book Company, Inc., 1936. 
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by electrical precipitation. Dust removed by these domestic or industrial 
machines can generally be collected in any desired quantity, and such 
material must be considered the ideal sample for complete chemical 
analysis. Due care must be taken, of course, respecting the possible 
influence of certain sharply localized factors of air pollution on these 
samples. We have chosen three areas of the city in which to study 
atmospheric dusts by this method: One is on a hilltop upwind of the 
industrial and business basin of the city; the second is in the basin, 
located where a machine is used to clean air for the comfort of hotel 
guests, and the third is also on a hilltop but downwind from the basin 
of the city. 

These unaltered dust samples are analyzed for a variety of pollutants. 
Some of the analytical work can be done by simple chemical methods, but 
generally a complete analysis, because of specificity or sensitivity require- 
ments, can be accomplished in a reasonable time only by the use of a 
combination of methods involving the additional use of spectrography, 
polarography and x-ray diffraction methods, among others. The out- 
line of table 3 shows how this type of material is handled, lists some of 
the physical equipment used, refers to the analytical methods * and gives 

5. (a) Cholak, J., and Story, R. V.: Spectrochemical Determination of Trace 
Metals in Biological Materials, J. Optic. Soc. America $1:730-738, 1941. (b) 
Cholak, J., and Hubbard, D. M.: Determination of Cadmium in Biological Mate- 
rial: Spectrographic, Polarographic, and Colorimetric Methods, Indust. & Engin. 
Chem. ¢Analyt. Ed.) 16:333-336, 1944. (c) Cholak, J.; Hubbard, D. M., and 
Burkey, R. E.: Determination of Zinc in Biological Material: Photometric and 
Polarographic Methods Following Extraction with di-Beta-Naphthylthio-Carba- 
zone, ibid. 15:754-779, 1943. (d) Parr Manual, no, 121: Peroxide Bomb: Appa- 
ratus and Methods, Moline, Ill, Parr Instrument Company, 1950. (¢) Combination 
of methods based on steam distillation of H. H. Willard and O. B. Winter. (Volu- 
metric Method for the Determination of Fluorine, Indust. & Engin. Chem. [Analyt 
Ed.| 5:7-10, 1933) and the thorium nitrate back titration method of D. Dahle, 
R. U. Bonnar and H. J. Wichmann. (Titration of Small Quantities of Fluoride 
with Thorium Nitrate I, J. A. Off. Agric. Chemists 21:459-474, 1938). (f) 
Cholak, J., and Hubbard, D. M.: Spectrographic Determination of Beryllium in 
Biological Material and in Air, Analyt. Chem. 20:73-76, 1948; Spectrochemical 
Determination of Beryllium: Increased Sensitivity of Detection in the Cathode 
Layer, ibid. 20:970-972, 1948. (¢) Bambach, K Polarographic Determination 
of Arsenic in Biological Material, Indust. & Engin. Chem. (Analyt. Ed.) 14: 265-267, 
1942. (h) Cholak, J., and Hubbard, D. M.: The Microdeterminatjon of Antimony 
in Biological Material: A Spectrographic Method, J. Indust. Hyg. & Toxicol 
28:121-124, 1946. (i) Cholak, J.. and Hubbard, D. M.: Microdetermination of 
Mercury in Biological Material, Indust. & Engin. Chem. ( Analyt. Ed.) 18:149-151, 
1946. (7) Cholak, J., and Hubbard, D. M Spectrochemical Analysis with the 
Air-Acetylene Flame, ibid. 16:728-734, 1944. (k) Brosky, S.: Some Application of 
X-Ray Diffraction: Device and Method of Quantitative Analysis, Pittsburgh Test. 
Lab. News, July, 1945. 
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some of the results which were obtained by their use. The example is 
dust taken from an electrostatic precipitator set on the seventh floor of 
a large downtown hotel. The collected dust represents mainly, in all 
probability, the smaller particles which may be carried for great distances 
by even mild wind currents. 


DAILY DUST SAMPLES 


In order to study the daily, diurnal or seasonal variations in the 
dustiness of the atmosphere at many stations, samples are collected by 
a small portable electrostatic precipitator, The equipment is obtainable 
commercially from the Mine Safety Appliances Company and is com- 
monly used for investigating dusty operations in industrial establishments. 
One form of the equipment is illustrated in figure 1. This equipment is 
ideal for collecting atmospheric dust at the breathing level of pedestrians, 
since in the collection of particulate matter its efficiency is high. The 
rate of sampling may vary from 1 to 3 cu. ft. per minute, but commonly 
the latter rate is maintained over periods varying from 30 to 60 minutes. 
The amount of sample collected, 1 to 3 mg., rarely more, 


is too small 
for a comprehensive chemical analysis, but 


a surprising amount. of 
information can be obtained by the use of proper analytical technics. Since 
the equipment is small and portable and quite reasonable in cost, two 
pieces of equipment may be used at each station, which will give two 
samples, one of which can be analyzed as collected, while the other is 
preserved and pooled with further samples to give a composite sample 
for an entire season or year or for any other period desired. Since the 
weight of dust collected by the small portable precipitator rarely exceeds 
2 to 3 mg., chemical methods, except for a few metals, generally fail in 
the analysis of these samples. If several metal constituents of the same 
sample are to be determined, the best methods of attack are those 
involving the use of spectrographic technics. Even then it is rarely 
possible to make a comprehensive analysis of a small sample, and so 
pooling of samples may be required to yield sufficient material for the 
manipulations incident to a specific determination. Such a small sample 
is rinsed off the precipitator tube with alcohol, the mixture is made up 


to a definite volume, and the following determinations are made : 


1. A small aliquot is examined by the MSA midget microprojector * 
under visible light, and the number of particles per cubic foot of air is 
determined by a standard procedure.’ Actual particle sizes are not 


determined at present, but the analyst, by observation of the projected 


6. Brown, C. E Midget Microprojector for Dust Determinations, Report 


of Investigations no. 3780, United States Department of the Interior, Bureau of 
Mines, 1944, 
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Fig. 1.—Electrostatic precipitator. 
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particles, will record an estimate of the average size or the range of 
sizes of the particles. Samples obtained by the electrostatic precipitator 


are not the most satisfactory for determination of particle size. More 


accurate information on particle sizes can be obtained by using the 


thermal precipitator,’ which is said to be 100 per cent efficient for particle 


sizes up to at least 5 microns." 


2. The sample is then transferred to a small (weighed) beaker and 


is dried to constant weight. The amount of deposit, expressed as milli- 


grams per cubic meter of air, is calculated from the weight obtained by 


the use of a microbalance. 


Taste 4.—Quantities and Constituents of Samples of Dust Collected by Electro- 
static Precipitation in Certain Urban and Control Areas, Expressed in 


Averaged Results Over Period of Three Years (Mq./M%) 


Residential 
and Semi Business and 
Control residential Industrial 
Areas (2)* Areas (6)* Areas (7)* 


Weight O.191 0.472 


Particle count (m. p. ft.*).... 0.071 0.147 0.215 
Lead 0.001 0.00 0.0087 
Manganese 0.0002 0.0004 0.0004 
Iron 0.006 0.0077 0.0127 
Tin <0.008) <0.0001 <0.0001 
Aluminum 0.0082 0.0040 0.0053 
Copper 0.0020 0.0008 0.0012 


Silver .. 00.0005 Trace 0.0008 <0.0001—0.000? 
Zine 


* The number in parentheses indicates the number of stations 


3. The residue is then subjected to an acid digestion, and the mixture 


is analyzed spectrographically and quantitatively for manganese, lead, 


tin, iron, aluminum, copper, silver °* and cadmium."® Since only a small 


amount of material is used for this purpose, sufficient material remains 


for a polarographic determination of zinc, which is also made on each 


sample.°* 


4. The duplicate electrostatic precipitator samples collected at each 


station are handled as in 1 and 2 above and pooled to give a composite 
£ 


sample for each station, either for the entire year or on a seasonal basis. 


The decision as to which procedure to follow is based on the amount of 


7. Green, H. L., and Watson, H. H.: Physical Methods for the Estimation 
of the Dust Hazard in Industry, Medical Research Council, Special Report Series, 
no, 199, London, His Majesty’s Stationery Office, 1935. 


8 Gill, G. H.: Dust and Its Effects on the Respiratory System, London, 
H. K. Lewis & Co., Ltd., 1947. 
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material collected at each sampling cycle. The amounts of dust collected 
at the control points and in some suburban areas are so small that pooling 
on a yearly basis is resorted to for these locations. The pooled samples 
can then be handled like the large precipitator sarmples (table 3). The 
analyses of these small precipitator samples are extremely important, 


since the findings relate to material present in the physiologically impor- 


Tasie 5.—Comparison of Samples Obtained by Electrostatic Precipitation 
During Different Seasons of the Year (Mg./M%) 


Business and Industrial Areas (7)* 


Over-All 
Cold Months Cool Months Warm Months Average 


Particle count (m. p. ft.*).... 0.408 0.147 0.008 0.215 


0.0088 0.0043 0.0027 0.0087 

Manganese......... 0.00096 0.000 0.0006 0.0004 

Aluminum... 0.0075 0.0041 0.0047 0.00538 ‘ 

Copper...... 0.0016 0.9008 0.0012 0.0012 

Silver.... <0.0001 <0.0001 <0.0001 


0.00% 0.0021 0.0018 0.0020 


* The number in parentheses indicates the number of stations 


6.— Analytic (Ma. 


Results on Pooled Samples 


Residential 
and Semi Business and 
Control residential Industrial 

Areas (2)* Areas (6)* Areas (7)* 


Sodium <O0.019 <0.015 


Potassium.. ‘ 0.000 0.062 
Beryliium..... ante 0.000005 0.000022 0.00005 
Fluorine 0.0006 0.09 0.0027 2 
Sulfates (SO«-~)...... 0.0064 


Chlorides (CI-).. 0.0717 3 


* The number in parentheses indicates the number of stations 


tant range, with respect to size of particles, at the breathing level of 


pedestrians. Tables 4, 5 and 6 list some of the findings for the stations 
grouped into the three areas indicated. In general, the values given are 
the averages for the three years during which observations have been 


made, but some of the results on the composite samples involve only two 
years, and some, only one, 

As may be appreciated from this discussion, the collecting of gases 
and solids from the atmosphere requires fairly elaborate equipment as 
well as electrical power for the operation of such equipment. Since the 


/ 
4 
44 i 
gay 


452 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Fig. 2.—Jeep station wagon with motor generator sets. 


Fig. 3.—Sampling platform showing precipitator heads and impingers. 
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sampling stations are so located generally that power lines cannot be 
tapped conveniently, the field crew must transport its own power. We 
have solved this*problem of power and of transportation by equipping a 
jeep station wagon for this purpose. The sampling equipment, scrubbers, 
pumps and precipitators are stored and transported in the jeep, which 
also contains two gasoline-driven motor generators to supply the power 
needed to operate the sampling equipment. Figure 2 gives a rear view 
of the jeep, showing the generator sets and the power units for the 
electrostatic precipitators. Figure 3 shows the sampling platform and 
some of the equipment in use. Two electrostatic collectors for dust and 
two scrubbers for the collection of gaseous samples are illustrated. 
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LOCAL AND SYSTEMIC EFFECTS FOLLOWING APPLICATION 
OF DILUTE SOLUTIONS OF PHENOL IN WATER 
AND IN CAMPHOR-LIQUID PETROLATUM 
ON THE SKIN OF ANIMALS 


WILLIAM 8B. DEICHMANN, Ph.D. 
T. MILLER, B.S. 
AND 
J. B. ROBERTS, M.D. 
ALBANY, N. Y. 


REPARATIONS of phenol are used widely by doctors and others 
for their antipruritic effect and for the treatment of various disorders 
of the skin. 

This investigation was undertaken to determine some of the effects 
of campho-phenique* (a preparation containing phenol [4.75 per cent], 
camphor [10.86 per cent} and aromatized liquid petrolatum [84.39 per 
cent] ) and to compare these with the effects of solutions and prepara- 
tions of phenol in liquid petrolatum and in water. 

That dilute aqueous solutions of phenol (1 to 5 per cent) are capa- 
ble of being rapidly absorbed through the skin and of producing under 
certain conditions severe local and systemic changes has been known for 


a long time,' 


Preparations containing phenol in concentrations of 1.6 
to 4.6 per cent and camphor in a concentration of 15 per cent in liquid 
petrolatum have been observed to induce severe local changes in rab- 


bits’ skin after 24 hours of continuous contact (Bass and Werch).* 


the published literature is markedly free, however, of reports of dele- 


terious effects arising when such phenol-camphor-liquid petrolatum 
preparations were applied to human skin in spite of their having been 
in use for nearly three quarters of a century. The only report of 
adverse results was published by Satulsky and Halpern,’ who in 1943 


From the Division of Pharmacology, Department of Physiology and Pharma- 
cology and the Department of Pathology (Dr. Roberts), Albany Medical College, 
Albany, N Y 


1. Deichmann, W. B.: Local and Systemic Effects Following Skin Contact 
with Phenol—A Review of the Literature, J. Indust. Hyg. & Toxicol. 31: 146, 
1949 

2. Bass, A., and Werch, S. C The Absorption of Phenol in Oily Solutions 
by the Rabbit Skin, Federation Proc. 6:308, 1910 

Satulsky, W. M., and Halpern, W Dermatitis Venenata Caused by 
Phenol-Camphor Mixtures, J. M. Soc. New Jersey 40:137, 1943 
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described a case of a white soldier who had treated himself for “crabs” 
by applying some of the contents of a bottle labeled “Campho-Phenique” 
to the groin, pubic area and lower part of the abdomen. He noticed a 
severe burning sensation and pain, the latter lasting several days. 


PREPARATIONS INVESTIGATED 


Three preparations were used: (1) 1.19 to 9.5 per cent aqueous phenol, (2) 
1.19 to 4.75 per cent phenol in aromatized liquid petrolatum and (3) 4.75 to 10.0 
per cent phenol and 10.86 per cent camphor in aromatized liquid petrolatum. Reagent 
phenol and camphor U. S. P. were employed. Aromatized liquid petrolatum is liquid 
petrolatum containing about 0.46 per cent of aromatic substances for perfume. All 
solutions and preparations were used at room temperature unless an other tempera- 
ture ts indicated. 


EXPERIMENTS 


1. Determination of the Solubility of Phenol in Liquid Petrolatum.—Approxi- 
mately 5 Gm. of phenol was added to 100 ml. of liquid petrolatum and to samples 3 
of aromatic liquid petrolatum in a 125 ml. Erlenmeyer flask, and the mixture was ; 
shaken periodically. At daily intervals for 3 days the concentration of the phenol ; 
in solution was determined by a very slight modification of the procedure outlined ; 
in volume XIII of the “Pharmacopoeia of the United States of America.” ; 

Results: The solubility of phenol in liquid petrolatum was found to be 0.106 
per cent at 23 C. and 0.647 per cent at 33 C. The respective solubilities in aromatic 
liquid petrolatum were 0.333 per cent at 23 C. and 1.876 per cent at 33 C. (W/V). 


2. Redistribution of Phenol Following Aqueous Equilibration of Liquid Petrola- 
tum and Camphor-—Liquid Petrolatum Solutions of Phenol.—Twenty-five milliliters 
of a liquid petrolatum solution of phenol was added to 40 ml. of water in a 100 
ml. separatory funnel having a diameter of 3.88 cm. and an area of contact of 11.83 
sq. em. At various times and until an equilibrium was reached, 2 ml. samples of 
water were withdrawn and analyzed for phenol by the U. S. P. XILL method. J 

Results: When a saturated liquid petrolatum solution of phenol (0.106 per cent : 
at 23 C.) was equilibrated with water, it was found that at equilibrium the liquid 
petrolatum contained 0.042 per cent phenol, while the water phase contained 0.064 
per cent. In other words, 60 per cent of the total phenol had entered the aqueous i 
phase. Similar equilibration of a saturated aromatic liquid petrolatum solution i 
of phenol (0.333 per cent at 23 C.) induced 50 per cent of the total phenol to move 
into the aqueous phase (average of eight experiments ) 

The quantity of phenol available for redistribution was found to be further 
reduced when a solution that was 4.66 per cent phenol and 10.86 per cent camphor 


in aromatic liquid petrolatum was equilibrated against water. Of the 4.66 per cent 


phenol, only 1.026 per cent, or 22 per cent of the total phenol, entered the aqueous 
phase (average of fourteen experiments). That the ratio of phenol to camphor 
markedly influences the availability of phenol was further shown by equilibration 
against water of a solution of 932 per cent phenol and 10.86 per cent camphor in 
aromatic liquid petrolatum. Doubling the concentration of phenol in the camphor- 
liquid petrolatum solution also doubled the quantity of phenol that entered the 
aqueous phase. There was 2.18 per cent phenol, or 23 per cent of the original 
concentration, in the water (average of four experiments). In a last experiment, 
in which the concentration of camphor was doubled (4.66 per cent phenol and 21.6 


per cent camphor in aromatic liquid petrolatum), the concentration of phenol avail- 
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able for redistribution was halved. The aqueous phase was found to contain at 
equilibrium 0.47 per cent phenol 

These experiments have shown that the quantity of phenol available for redistri- 
bution and therefore available for local and systemic effects depends largely on the 
quantitative relationship of phenol and camphor in the liquid petrolatum 

3. Rates at Which Phenol in Water and Phenol in ¢ amphor—Liquid Petrolatum 
May Be Absorbed Through the Tail of the Rat The tails of 5 albino rats were 
immersed for 1 hour on each of 3 days in graduated test tubes containing 23.0 ml. 
of 4.77 per cent aqueous phenol (fig. 1). After the three exposures the test tubes 
contained an average 21.8 ml. of 3.82 per cent phenol. The difference represents 
the quantity of phenol removed mechanically and by absorption. 


Fig. 1——Equipment employed for exposing the tails of rats to solutions of phenol. 


To estimate the phenol removed mechanically, the tails of each of 3 other rats 
were “dipped” for about 8 seconds into graduated test tubes containing 23.0 ml. 
of 4.77 per cent aqueous phenol. This procedure was repeated once on each of 
3 succeeding days. The average volume removed was calculated, and since time 
for absorption was minimal is was assumed that this phenol was removed mechani- 
cally (table), 

The tails of two other groups of rats were exposed in a similar manner to a 
solution 4.54 per cent phenol and 10.86 per cent camphor in aromatized liquid petro- 


latum. Preliminary studies had shown that phenol was absorbed less rapidly 


from a liquid petrolatum than from an aqueous solution. For this reason exposures 
were permitted for ten 1 hour periods, one on each of 10 consecutive days, except 
Sundays (table), 
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Summary: About 71 mg. of phenol was absorbed during a period of 1 hour 
when the tail of a rat was submerged in a test tube filled with 4 77 per cent aqueous 
phenol, The quantity of phenol absorbed during a similar period trom a solution 
that was 4.54 per cent phenol and 10.86 per cent camphor in aromatized liquid petro 
latum was found to be 15 mg. These data make it obvious that one or several of 
the constituents of the latter solution were responsible for retarding the aborption 
ot phenol. If one considers as 100 per cent the quantity of phenol absorbed from 


Comparative Rates of Absorption Following thi Dipping of the Tail of a Rat into 


Aqueous Phenol or into Camphor-Liquid Petrolatum—Phenol 


Exposure to 4.77 Aqueous Phenol 


Experimental Rats 
At start of experiment each test tube held 28 ml. of 4 


phenol sohition, 
equivate 
After three | hour periods of exposure the test tub 


o w Gm, phenol" 


ntained an aver 


age of 21.5 ml. of 3.82% phenol solution, equivalen O53 Gm. phenol 
Phenol removed mechanically md by absorption during three 1 hour 
periods Gm 


or during a 1 hour period of exposure 0.087 Gim 


Controls 


“dippings” into the 4.77% phenol solution removed mechan cally an 
average of 0.95 ml. of the solution, equivalent to 6.47 Gim, phenol 
or 1 “dipping” removed mechanically 0.0.6 Gm. phenol 


Summary 
Phenol removed mechanically and by absorption during a | hour period 
of exposure 7 


mE 

Phenol removed mechanically by 1 “dipping” 16 ng 
Phenol absorbed during a 1 hour period of exposure to 4.77% aqueous 

phenol 


Exposure to a 4.54% 
Experimental Rats 


Phenol 10.56% Camphor- Liquid Petrolatum Preparatior 


At start of experiment each test tube held 25 ml. of a 4.54% phenol cam 
phor-liquid petrolatum preparation containing 1.4 Gm. phenol 
After ten 1 hour periods of exposure the test tubes contained an average 
of 19.3 ml, of 4.00% phenol solution, equivalent to 0.7384 Gm. phenol 
Phenol removed mechanically and by absorption during ten | hour periods 0.256 Gm 
or during a 1 hour period of exposure 0.0256 Gra 
Control: 
10 “dippings” into the 454% phenol solution removed mechanieally an 
average of 2.33 ml. of solution 0.106 Gm. phenol 
or | dipping removed mechanically 6.0106 Gm. phenol 


Summary: 
Phenol removed mechanically and by ebeorption during a hour period 
of exposure... meg 
Phenol removed mechanically by 1 “dipping 1O.6 me 
Phenol absorbed during a 1 hour period of exposure to a 4.54% phenol 


10.56% camphor-liquid petrolatum preparation 15.0 Ing. 


All analyses for phenol were carried out employing the U.S. P. XITL method 


the aqueous solution, the quantity of phenol absorbed from the camphor liquid 
petrolatum solution was only 20 per cent 

4. Local and Systemic Effects Induced by Dipping the Tails of Rats into 
Aqueous and Liquid Petrolatum Solutions of Phenol for a Period Not Exceeding 
& Hours.—The solutions compared were aromatized liquid petrolatum containing 
from 1.19 to 4.75 per cent phenol (heated to 35 C), water containing 1.19 to 9.5 
per cent phenol (solutions containing more than 6 per cent phenol were heated to 
35 C) and aromatized liquid petrolatum containing 10.86 per cent camphor and 
from 4.75 to 10.0 per cent phenol. After a rat had been exposed for a period which 


did not exceed 8 hours, its tail was washed with soap and water and dried with a 
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towel. The animal was then placed in a cage for further observation. It was 
discarded 1 week after exposure 

Iwo lots of albino rats were exposed to each type of preparation, both groups 
were bred from Wistar stock. Group I comprised animals reared in the college 
while group 2 was obtained from another laboratory 

Results: When absorbed through the tail of the rat for a period of 8 hours, 
phenol was found to be most toxic when in aromatic liquid petrolatum. It was 
found to be least toxic in aromatic liquid petrolatum containing 10.86 per cent 
camphor, while aqueous solutions of phenol assumed an intermediate position 
(fig. 2) 

Comparison of the systemic and local effects produced showed that rats of 
“group I" were consistently more sensitive to phenol intoxication than those of 
‘group 2° lo produce 50 per cent deaths in these two groups of rats required 
exposure to 2.05 and 2.75 per cent phenol, respectively, in aromatic liquid petro 
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Fig. 2.—Acute toxicity following dipping of the tails of rats into aqueous and 
oily solutions of phenol. Phenol in liquid petrolatum, stars: phenol in water, single 
circles; phenol in liquid petrolatum with 10.86 per cent camphor, double circles 


latum, and approximately twice these concentrations ot phenol dissolved in water, 
that is 4.45 and 6.6 per cent, whereas to produce similar effects with phenol dis 
solved in 10.86 per cent camphor in aromatized liquid petrolatum required doubling 
even these last concentrations, namely, &.3 and 12.5 per cent solutions 

The signs of systemic intoxication and the local changes induced within the 
exposed portion of the tail of the rat were also influenced to a marked extent by 
the vehicle employed. Considering animals of “group 1,” we found that exposing 
them to 1.78 per cent phenol in liquid petrolatum produced gangrene ot the distal 
half of the tail after 8 hours’ exposure. Approximately 12 hours later there was 
ischemic gangrene in that the tissues were black and mummified. The gangrenous 


tissue generally sloughed away in 2 


or 3 days, leaving a sharp line of demarcation 
fo produce similar gross gangrenous and necrotic changes with aqueous phenol 


required exposing the tail to a concentration of 4.15 per cent. A preparation con- 
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taining 8.3 per cent phenol and 10.86 per cent camphor in hiquid petrolatum pro 
duced only slight discoloration of the extreme distal portion (0.5 to 1 em.) of a 
tail even after the full 8 hours of continuous exposure 

Phe histopathologic picture closely followed the gross changes Slightly sub 
lethal concentrations of phenol in liquid petrolatum (about | per cent) or of phenol 
in water (about 3.5 per cent) produced local changes characterized by necrosis and 
gangrene. In distinct contrast was the lack of pathologic changes following an & 
hour dipping of the tails of rats into 4.75 per cent phenol and 10.86 per cent 
camphor in aromatic liquid petrolatum 


5. Local and Systemic Effects Following a Single Period of Severe E rposure 
of the Skin of the Rabbit to a 475 per Cent Phenol-1086 per Cent Camphor 


Aromatic Liquid Petrolatum Preparation—Three rabbits were exposed by the 


method of Draize, Woodard and Calvery The volume of the phenol-camphor 
liquid petrolatum mixture placed between the rubber sleeve and the trunk of an 
animal was 100 ml 

Results: All rabbits showed signs of systemic phenol intoxication approximately 
30 minutes after the start of exposure. One animal (wt., 2.55 ke.) died after 2% 
hours of exposure, the second rabbit (3.0 kg.) died after 444 hours. while the third 
animal (2.5 kg.) survived 13 continuous hours of exposure. [Local changes were 
limited to mild hyperemia. In this method the large volume of solution held against 


the skin provided a reservoir of phenol containing more than a lethal dose. 


Comparison of Local and Systemic Effects Observed When the Skin of Rab 


hits Was Treated with Repeated Applications of (a) 475 per Cent Phenol-I0.86 
per Cent Camphor—Aromatic Liquid Petrolatum and )} Aqueous Solutions of 
Phenol (1.18 to 7.12 per Cent Albino rabbits were immobilized in the supine 
position. Prior to exposure the hair was clipped from the abdomen, and this was 
repeated once a week throughout the experiment. Four rabbits were treated with 
each phenol preparation, 2 of which were bandaged. To keep an area of the belly 
(10 by 15 em.) continuously moist required an initial dose of 5 ml. of the oily of 


20) minutes by 2 ml. of one of the 


of each aqueous preparation, followed every 
aqueous solutions. of phenol or by : ot the 4.75 per cent phenol camphor 
liquid petrolatum solution Animals were exposed in this manner for 5 hours on 
each of 5 consecutive days of a week for a total of 18 days. After a 5 hour period 
of skin contact, a bandage was removed. The materials were washed from the skin 
of bandaged and unbandaged animals with soap and water 

Results: The 4.75 per cent phenol-10.86 per cent camphor-aromatized liquid 
petrolatum produced a mild degree of hyperemia during each of the 5 hour periods 
of skin contact Ihis was particularly apparent in the 2 bandaged animals The 
hyperemia disappeared after washing. Systemic effects noted from time to time 
in the course of the 18 days of exposure were limited to mild tremors 

Eighteen applications of a 3.56 per cent phenol aqueous solution produced local 
and systemic effects resembling very closely those of the 4.75 per cent phenol 
camphor-liquid petrolatum solution The 118 and 2.37 per cent phenol aqueous 
solutions produced no signs of local irritation, while systemic effects were limited 
to occasional mild tremors in animals exposed to higher dose The 4.75 per 
cent phenol aqueous solution induced local and systemic effects more severe than 
those described. Tremors became apparent in all rabbits about | hour after the 
start of each exposure. One of 4 rabbits demonstrated prominent hyperkeratosis 
followed by breaking of the skin, with hemorrhages along the cracking edges. The 


5. Draize, J. H.; Woodard, G., and Calvery, H. O Methods for the Study 
of Irritation and Toxicity of Substances Applied Topically to the Skin and Mucous 
Membranes, J. Pharmacol. & Exper. Therap. 82:377, 1944 
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5.93 and 7.12 per cent phenol aqueous solutions were applied only to the skin of 
unbandaged rabbits. These showed impressive local changes and from moderate 
to severe signs of systemic intoxication. One rabbit exposed to 7.12 per cent phenol 
died after the sixth exposure 


7. Effects of Repeated Daily Exposures to a Preparation Containing 475 per 
Cent Phenol and 1086 per Cent Camphor in Aromatic Liquid Petrolatum.— 
The tail of each of 10 female rats (reared in the college) was immersed in the 
phenol-camphor—liquid petrolatum for 1 hour a day on 30 days over a total period 
ot 42 days (fig. 1). After an exposure the tail was washed with water and soap 
and dried. A similar control group was exposed only to water. 

Results: During a few periods of exposure. some tails in the phenol series 
showed a mild degree of hyperemia, but this was not persistent and disappeared 
promptly on washing. Occasionally, mild hyperemia was also observed in the 
tails of the control animals, but on the whole this was less conspicuous than that 
observed in the experimental animals The experimental rats gained during the 
42 days an average of 8.4 Gm., while the average control rat gained 5.7 Gm 
Histologic pathologic changes were not produced 


SUMMARY 


Equilibration of phenol-camphor-liquid petrolatum preparations 
against water demonstrated that the respective concentrations of phenol 
and camphor in the preparations determine largely the percentage of 
the total available phenol that may enter an aqueous phase. For 
instance: At equilibrium 60 per cent of the total phenol was found in 
the aqueous phase when a saturated solution of phenol in liquid petro- 
latum (0.106 per cent phenol at 23°C.) was equilibrated; 50 per cent 
of the phenol entered the aqueous phase after similar equilibration of a 
saturated solution of phenol in aromatized liquid petrolatum (0.333 per 
cent phenol at 23 C.), while only 22 per cent of the phenol entered the 
water after equilibration of a preparation containing 4.66 per cent 
phenol and 10.86 per cent camphor in aromatic liquid petrolatum. 
Phe quantity of phenol became further reduced, to 10 per cent, when 
a solution of 4.66 per cent phenol and 21.6 per cent camphor in 
aromatic liquid petrolatum was equilibrated. 

rhe relatively low toxicity of dilute solutions of phenol and camphor 
in liquid petrolatum can be traced in part to the property of camphor 
to “hold” the phenol and reduce the extent of its local action and 
absorption. The quantity of phenol absorbed during a 1 hour period 
of immersion of the tail of a rat in a solution of 4.54 per cent phenol 
and 10.86 per cent camphor in aromatic liquid petrolatum was found to 
be 15 mg., while 71 mg. of phenol was absorbed under similar conditions 
of exposure to 4.77 per cent phenol in water. 

When absorbed through the tail of the rat during a continuous period 
of immersion not exceeding & hours, phenol was found to be most toxic 
when in aromatic liquid petrolatum and least toxic when in solution 


in aromatic liquid petrolatum containing camphor in the concentration 
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of 10.86 per cent, while aqueous solutions of phenol assumed an intermedi- 
ate position. It required 4.3 times as much phenol dissolved in liquid 
petrolatum with 10.86 per cent camphor to kill 50 per cent of the rats, 
and 1.8 times as much phenol dissolved in water, as it did of phenol in 
pure liquid petrolatum. ‘ 

Exposure to concentrations of about 1 per cent phenol in liquid 
petrolatum or 3.5 per cent phenol in water produced local changes 
characterized by necrosis and gangrene, while 8 hours of dipping the 
tails of rats into a 4.75 per cent phenol-10.86 per cent camphor-aroma 
tic liquid petrolatum: preparation produced no histopathologic changes. 

\ comparison was made of the local and systemic effects of prep- 
arations of phenol during 18 daily 5 hour periods of contact with the 
abdominal skin of rabbits. A solution of 4.75 per cent phenol and 
10.86 per cent camphor in aromatic liquid petrolatum induced effects 
closely resembling those produced by a 3.56 per cent aqueous solution 
of phenol. These were limited to mild hyperemia, and, from time to 
time, to mild tremors. Similar 18 daily 5 hour periods of exposure to 
1.18 and 2.3 per cent aqueous phenol produced no significant signs of 
local or systemic intoxication. Skin contact with 4.75, 5.93 and 7.12 
per cent aqueous phenol produced, however, definite local irritation and 
from moderate to severe signs of systemic intoxication 

\pplication of a large volume of a 4.75 per cent phenol-10.86 per 
cent camphor-aromatic liquid petrolatum preparation to the trunk of 
each of 3 rabbits resulted in fatalities after 24, 44 and 13 hours of 
continuous exposure. local changes were limited to mild hyperemia 

Thirty daily | hour periods of immersion of the tails of rats in a 
4.75 per cent phenol-10.86 per cent camphor-aromatic liquid petrolatum 
preparation produced no obvious signs of systemic intoxication and no 
definite signs of local irritation. Histopathologic changes were not 
produced. 

Taken collectively, these results show that camphor when added to 
phenol in liquid petrolatum reduces greatly the local and systemic tox- 
icity of the preparation. The observations made have also supplied 
some of the reasons why many physicians and the public used campho 
phenique* without harmful effects as an antipruritie preparation and 
for the treatment of various disorders of the skin. Only a single report 
of adverse effects was found in the literature, which is in sharp con- 
trast to the many papers that described local effects requiring amputa 
tion after application of | to 2 per cent aqueous phenol 
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News and Comment 


NEWS LETTER 
Sept. 25, 1950 


Che Committee on Industrial Health of the Connecticut State Medical Society 
has recently reorganized its structure so as to increase the scope of the Society's 
activities in the fields of industrial health and occupational medicine 

The following objectives were adopted: 1. To promote awareness in members 
of the medical profession, employers and employees of the value of conserving 
occupational health, 

2. To promote determinations of occupationally connected hazards in the State, 
and resources and methods for their control 

$ To promote development of increased personnel and material resources for 
study and control of occupationally connected health hazards. 


4. To promote professional and lay education in, and adoption of, all accepted 
methods of reducing the frequency and severity of occupationally connected 
disabilities 

S. To promote formulation and a clear understanding of the proper scope and 
functions of occupational medicine, and promote clarification of the responsibilities 
and relationships between private and occupational practice, including the promotion 
of early recognition of nonoccupational disorders and the encouragement of their 
correction 


6. To promote improved relationships between the members of the medical 
profession and all agencies, groups or persons interested in occupational health 


m the State 

7. To promote improvements in all legislation affecting the health of employed 
persons 

& To promote adoption of similar activities through cooperating committees im 


the medical associations of the several counties im the State 

9 To act as the steering committee of the Section on Occupational Health of the 
Connecticut: Medical Society, with responsibility for all arrangements relating 
to programs, special projects or any other activities sponsored by the Section 

10. To represent the Section m contacts with other groups or persons on matters 
pertaining to occupational health 


Subcommittees are appointed and assigned to particular activities and spheres 
of influence. The current projects include the following: 1. The development of 
county committees on industrial health, which was successfully stimulated by 
sending speakers to meetings of the boards of directors of the county associations 


2. The development of a report on insurance and legislation tm answer to an 


\. M. A. questionnaire which covered the field of workmen's compensation 


legislation 


3. Development of materials for publication 


4. Maintenance of liaison relationships with national and state organizations, 
supervision of the Section on Occupational Health and maintenance of close contact 
with the Yale Institute of Medicine and Occupational Hygiene 


5. Nursing activities and relationships 
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6. Hospital, surgical and rehabilitation group activities 

The Committee believes that the development of county committees on industrial 
health will greatly widen the Society's influence in the field of industrial health, 
a field in which the Society can launch its most powerful counteroffensive against 
the proponents of government-controlled medicine 


GRADUATE FELLOWSHIP IN INDUSTRIAL HYGIENE ENGINEERING 


The James S. Kemper Foundation has announced that it is offering a graduate 


fellowship in industrial hygiene engineering at Harvard University. The fellowship 
covers tuition, academic fees and a reasonable living allowance at the Harvard 
Graduate School of Arts and Sciences. The successful candidate will work toward 
the degree either of Master of Science or Master of Engineering in the field of 
industrial hygiene In awarding the fellowship the selection committee of the 


Foundation will take into account the scholastic record, character, personality and 


physical condition of each candidate, who must first satisfy admission requirements 
of Harvard University Graduate School \pplications are invited from young 
men who are graduates of approved schools of engineering, chemistry or physics 
and who are citizens of the United States. Further information may be secured 
from H. L. Kennicott, executive secretary of the Foundation, Mutual Insurance 
Building, Chicago 40, Ill 


POSTGRADUATE COURSE IN DISEASES OF THE CHEST 


A postgraduate course in diseases of the chest, sponsored by the Council on 
Postgraduate Medical Education and the New York State Chapter of the American 
College of Chest Physicians, will be given at the Hotel New Yorker, New York, 


Nov. 13 to 18, 1950. Included in the program is a group of lectures on industrial 


pulmonary diseases. These are programmed for Friday morning, November 17 


CORRECTION 


Hall, Scott, Laskin, Stroud and Stokinger, entitled “Acute 


In 


foxicity of Inhaled Beryllium: II1L. Observations Correlating Toxicity with the 


the article by 
Physicochemical Properties of Beryllium Oxide Dust,” in the July issue 
(Arcu. Inpust. Hye. & Occur. Mev, 2:25 


were inserted in the first sentence of the section on “Dust Dispersion,” page 27 


1950) incorrect metric equivalents 


rhe sentence should read “The beryllium oxide powders were dispersed in a 
chamber of 155% cu. ft. (044 cu. M.) capacity operated at an air exchange rate 
of about 742 cu. ft. (0.21 cu. M.) per minut 
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Abstracts from Current Literature 


General 


Tue Privat 


PRACTITIONER AND INDUSTRIAL Mepicine. M. R. Burnett. 8 
Michigan M. Soc. 49: 566 (May) 1950 


Burnell stresses that physicians in private practice, whether in general or in 


a specialized practice, share responsibility with industrial medical departments in 
helping industry carry out effective health maintenance programs. The author 


discusses some of the fields in which the functions of the plant physician comple 


ment rather than supplant those of the private practitioner. He mentions, first. 


: the occasions on which the industrial physician refers an employee to the private 
practitioner and, second, those on which the physician in private practice refers 
a patient to the industrial physician 


STRIAI 
1950 


Topay, R. Rowntree, Kentucky M. J. 4 


: 119 (March) 


Rowntree 


says that it is estimated that 85 per cent of the medical care given 
to industrial workers is provided by private practitioners, who therefore must 
have some knowledge of the various phases of the industrial health program 

: rhe private physician who undertakes responsibility for emergency medical 
j care m industry should be sure that the nurse or the first aid worker in the plant 
H is thoroughly instructed in the principles of first aid. The preplacement examination 
is not mtended to disqualify the candidate for employment but is designed to 
be used as a basis for placing the employee in a job suitable to his mental and 
physical capacities. Periodic examinations of employees serve as a means of 
finding diseases in the early stages, thereby often saving workers from long illnesses 
with consequent loss of earning power Emotional problems are often at the 
root of illnesses and disturbances in employees, and the physician should remember 
this when he find’ lack of efficiericy, inability to get along with other workers 
chronic fatigue, frequent absences and accident proneness 


The handicapped worker should not be rejected from employment if he can 


possibly be fitted into a job Che 


same applies to people in the older age groups 


Mentat Heattu in Revations. R. L. SutHertanp, Ment Hyg 


34: 192 (April) 1950 


Sutherland points out that at one time business and industry tended to govern 


human material by a rough and ready personnel policy of “Take it or leave it” 
but that the 


newer approach calls for an understanding of worker attitudes. When 


the desire to understand human variability first entered the minds of business and 


mdustrial leaders, aptitude and other vocational tests looked like a sure wavy 


of weeding out the unfit and of properly placing those who were accepted 


Personality tests were the new way of measuring qualities of leadership among 


supervisors and top management. Human nature failed to be encompassed by these 


screntifie methods.” The approaches named had value but were only a partial 


mswer They did not account for enough human variables. They forgot, for 


xample, that the attitudes of a work group toward a foreman may be as important 


in determming output as the workers’ aptitudes and vocational training 
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Many companies are finding that a consultative relationship with the community 


mental hygiene clinic is val 


sable Others ave found it worth while to add a 
psychiatrist or a clinical psychologist to their own staff. Still others advise that 
the greatest value comes in a broad educational effort to improve the insight of all 
supervisors respecting the emotional needs of people and the various manifestations 


of that need. Harmony does not always exist among top-bracket supervisors 


Supervisory wheels can be skidded because of unnecessary jealousies, short 
tempers, high fatigue, poor placement or a sense of inadequacy forthe job. Top 


management is realizing the need of psychologic consultation 


\N Investigation of INguiry on Heatru in Suirt-WorKs 


iN THE Norwectan Paper Inxpustry Bruuscaarp, Norwegian 
State Factory Inspectorate, Oslo, Norway, May 21, 1949, p. 55 


The 


an official committee discussing the working hours for special occupations The 


results of the investigation are published in a report worked out. by 


sickness absenteeism rate was higher among shift workers (838) during the 


observation period than among day workers in the plants examined The 


shitt workers had many more absences of one to three days’ duration, 40 


per eent of the absences as against 19 per cent for the day workers \s an 


average, the shift workers had 2.01 days sickness absence; the day workers, 2.17 


Previous or present stomach ulcers were reported in 92 per cent of workers 


previously employed in shift work and in 7.5 per cent of present shift workers, 


compared with 5.2 per cent of day workers. Complaints of nervousness and 


sleeping disorders were reported as follows: 46 per cent among 3 shift workers 


in continuous production; 31 per cent among 3 shift workers with a weekly 


break in production; 28 per cent among previous shitt workers; 22 per cent 


among 2 shift workers; 9 per cent among day workers 


ARNE Bruvuscaarp, Oslo 


Norway 


Norw! 


Inspection, Oslo, Norway, July 28, 1949 


HAN WorKERS’ Protection Ac Tue Direcrorate or Lasour 


These amendments 


deal partly with shift plans in plants with continuous 


production. The working hours are reduced to 45 hours a week Che working 


hours mu mines are cut to 40 hours a week on the average over a three week : 


period. Pregnant women are granted 12 weeks’ leave: six weeks before anticipated 


confinement and six weeks after confinement \n additional six weeks’ leave may 


be granted for illness resulting from pregnaney or childbirth 


ArNeé Bruuscaarp, Oslo, Norway 


Pune INcwenct F Dental 


PrRostTHESIS IN Norwecian INpustry AKNE 
Brevuscaarp, Munnpleien 32: 3, 1949 


Among 6.896 persons employed in Norwegian industry (5.215 men and 1,681 


women) there were found a number who had total upper dental prostheses 


approximately the same number of each sex The percentage of persons with 


prostheses increased evenly from near zero below 20 years of age to about 


55 over 65 years of age. Among bakers (1,883) the percentage with prostheses 
was markedly higher in all age groups, ending on 74 for the age group 65 years 
and over. Thirty to forty thousand new prostheses per 


year in an adult 
population of about 2,000,000 points to a great hygienic problem 


ARNE Bruuscaarp, Oslo, Norway 
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Physiology and Nutrition 


OwsexvaTions oN THE Errects or Beryitium ON ALKALINE PHOsPHATASI 
R. S. Grier, Marcarer B. Hoop and M. B. Hoactanp, J. Biol. Chem 
180:289 (Aug.) 1949 


This study was undertaken in view of previously published work, in an 


endeavor to throw further light on the mechanism of the toxicity of beryllium 


The experiments suggest that beryllium as inhibitor and magnesium as activator 


of phosphatase compete for control of the enzyme molecule; this ts of interest 


because of the known effect of beryllium on the development of rickets and of 
osteogenic sarcoma. Beryllium seems to have a greater affinity for the enzyme; 
this finding was not altered by the use of other substrates. Citrate reverses the 
beryllium inhibition and the magnesium activation of phosphatase. It is suggested 


that citrate might be of some value in the treatment of beryllium poisoning 


There is no clearcut evidence that the toxicity of beryllium is related to its effects 


n phosphatase, but the Is necessary 
phesp se, tur work s \ Br Lt Hye 
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Errect or Vitamin Bu Upon Hepatic Injury Propucep sy Caron 
H, Porrer, D. Kocu-Weser and P. B. Szanto, Proc 


Son Exper Biol. & Med. 71:688 \ug.) 1949 


In the investigation reported here carbon tetrachloride was used as the test 
material for reproducing hepatic injury. Rats, on a well balanced diet relatively 


rich in protein, received, intraperitoneally, 0.033 cc. of CCl, in oil per 100 Gm 


of body weight, and about half of them received 15 4g. of vitamin By. per 100 Gm. 
4 body weight, given subcutaneously in four doses 72, 48 and 24 hours prior 


to, and simultaneously with, the injection of CCl, 


The rats receiving CCl, showed, in comparison with the controls, increased 
deposition of lipids, mereased sulfobromophthalein retention and ribonucleic acid 
depletion The rats treated with vitamin By had less histologic change in the 
liver than those untreated; the increase in sulfobromophthalein retention and 


in fat deposition was only one third and the ribonucleic acid depletion about 


one half of that observed in the untreated group The results are tentatively 
related to an effect of vitamin By on cytoplasmatic ribonucleic acid, which has 


been shown to disappear early in hepatic mjury. 


Occupational Diseases and Hazards 


Fever tn Woon ann Hater Processing PLantr. M. Micuaet Stcer, T. 
MeNaik Scorr, Werxerk and O. Henry Jantonx, Am. J. Pub. Health 
40:524 (May) 1950. 


\n outbreak of Q fever occurred in Philadelphia among workers in a wool 
processing plant The diagnosis was made by means of the complement fixation 
test The authors discuss the serologic features of this outbreak. They recom 
mend that Q- fever antigen be used along with the other available antigens of 
pheumotropic viruses in testing serums of all persons presenting atypical pneu 


moma and undifferentiated infections of the upper respiratory tract. To the other 


industrial occupations associated with the risk of acquiring Q fever (dairy, meat, 


stock handling) must be added the occupation of handling and processing raw wool 


From THE AvuTHoRS’ SUMMARY 
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Occupational, Causes or Cancer. May R. Mayers, Compens. Med. 8:11 
(March) 1950 


Little is known about occupational causes of cancer, although there are chemi 
cal agents, used in industry, which produce cancer at specific sites in the body 
Maximum allowable concentrations for exposure to noncarcinogenic substances 
have been developed, but such standards are not a guide to control of carcinogenic 
agents in industry, because there is no known relationship between the toxicologic 
properties of a substance and its carcinogenic potentialities. Control of carcino- 
genic agents is also difficult because of the delayed onset of cancer after exposure, 
and the fact that exposure to carcinogens rarely causes acute illness or death 

The better understood occupational carcinogenic agents discussed are beta 
naphthylamine and benzidine, producing cancer of the bladder; chromate, cancet 
ot the lung; estrogens, breast cancer, and radiation 
The New York State Occupational Cancer Committee has undertaken a study 


of the environmental factors which possibly are responsible for the development 


of cancer. They are taking detailed occupational histories of living patients who 


have cancer and are supplementing this record with information about the environ- 


mental exposures known to be associated with those occupations \ statistical 


analysis of the data is expected to provide leads for further study of the occupa 


tional causes of cancer 


Joun M. Wettrer, Boston 


SKIN Hazarvs IN THE Fur INpusrry. M. H. Samitz and Primo Mort, Indust 
Med. & Surg. 19:198 (April) 1950 


The authors enumerate the processes of the fur-dressing and dyeing industry 
and the fur-manufacturing industry The commonest cause of skin trouble in 


these industries is trauma. Irritation by formaldehyde and chromic acid is also 


seen Epidermal sensitization to natural and dyed fur is intrequent 


Cleveland 


\ Cast or PutmMonary Aspestosts. R. Livinestoxe and E. W Street, Brit 
M. J. 1:939 (April 22) 1950 


RESEARCH ON Siticosis. Ennio Zanetti, Med. d. lavoro 41:1 (Jan.) 1950 


Phe roentgenologic and clinical checking of the workers in a factory making 


abrasive soap, where such preventives as aspiration of dusts, job rotation and 


“plain” mask wearing are enforced, has shown that 5 out of 40 female workers 


were affected with silicosis: 2 in the nodular stage with initial conglomeration, 
2 in the micronodular stage and | with moderate reticulation 


The investigator stresses the characteristics of the roentgenographic picture 
(small nodular shadows, unevenly distributed and of slieht opaqueness, with gen 
erally shaded outlines and early tendency toward conglomeration) and the com 
paratively rapid appearance of the picture 

\ccording to the investigator, the factors responsible for the appearance of 
silicosis were the 80 per cent quartz content of the soap, the fine grinding of the 
quartz and the insufficient protection of the workers The remedial steps sug 
gested include installation of machinery for mechanieca 


handling of the abrasive 
powder or adoption of masks of greater filtering capacity 


AbapTeD FROM AUTHOR'S SUMMARY 
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STupres ON Praswa COMPONENTS IN Stiicesis Victrant, A. and 


L. Preentat, Med. d. lavoro 41:33 (Feb.) 1950 
\ 


tormed with electrophoresis and turbidity or flocculation tests. The observations 


study of the serum protems of workers suffering from silicosis was per 


were: The serum proteins are altered in almost every case of silicosis, showing an 
merease in globulins, When silicosis is associated with active infection (usually 
tuberculosis), alpha globulins increase; in silicosis without infection only gamma 
euglobulins, generally speaking, increase. The alpha globulin increase is supposed 
to be due to the presence of exudative or necrotic inflammatory phenomena (very 
often caused by the associated tuberculosis), and the gamma euglobulin increase ts 
supposed to be due to the activity of the proliferative fibrous process of silicosis 


Histologic examination of the organs of workmen dving of silicosis revealed 


(1) an abnormal cellular proliferation, partly plasmocytic in type, of reticulum 


; in bone marrow, lymph nodes, lungs, spleen, liver and the submucosa of the 
gastromtestinal tract; (2) an accumulation of protein-hyalin material in vascular 
walls and next to the reticular fibers; (3) alterations of kidneys (“nephro-protido 
lipwdosis”) which may be considered as a reaction of the kidneys to the accumu 
lation and elimination of pathologic proteins and lipids 


The histologic observations and the alterations of serum proteins suggest the 


hypothesis that in silicosis some blood and tissue proteins are involved Che 
behavior of the serum proteins may be of some value in the diagnosis and prognosis 
of the disease, for silicosis with scarce or no alterations of serum globulin means 


stabilized silicosis (nonevolving at the time of the examination), whereas silicosis 


with prevailing increase of alpha globulins means silicosis associated with exuda 
tive 


* necrotic inflammatory processes and silicosis with prevailing increase of 


gamma globulins means silicosis in active fibroproliferative evolution Silicosis 


with increases of alpha and gamma globulins means silicosis with coexistence of 


wroliterative and exudative processes 
, From tHe Autuors’ SUMMARY 


CONTRIBUTION TO THE STUDY OF OCCUPATIONAL CANCERS CARCINOGENS OF THE 


BLappeR. René Semaine d. hop. Paris 75:3078 (Oct. 10) 1949, 


he main causative agents of occupational cancer of the bladder are now 


thought to be betanaphthyl amine and benzidine Periodic urinalysis and 


cystoscopie exammation of workers are of value, as hematuria and alterations of 
the bladder epithelium usually precede the appearance of cancer Ordinarily 


cancers due to the agents named do not develop until from 6 to 25 years after 


exposure The results af animal experimentation reported by various workers 
: ire reviewed The relationship of molecular structure and carcinogenic action 
is pomted out These compounds are absorbed through the respiratory tract and 
through the skin Iwo theories concerning the manner in which these substances 


are transported to the bladder are presented along with a review of the metabolism 
} compounds The article concludes with suggestions for prevention of 


exposure and for periodic physical examinations 


Mary ©. Amour, Cambridge, Mass 
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Test Various Groups or Diseases, with Speciat. CoNnstpERATION oF 


ACCORDING TO SCHELLONG’S 


OCCUPATIONAL DISEASES Luict pt Prisco and Orazto Cuore e 
33-263 (Oct.) 


Di Prisco and Longe carried hellong’s functional tests of the cardiovas 
cular system in 56 patients with diseases, such as chronic cardiopathy with 
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carciac compensation and with cardiac decompensation, arterial hypertension, 
arterial hypotension and scleroderma, including 4 patents with occupational poison 


mg due to lead, carbon disulfide and trinitrotoluene, and 6 patients with silicosis 


Schellong’s first test consists in determining the blood pressure and the pulse 


n the subject’s assuming an erect posture from the lying down position, and on 
lying down again The second test consists in making the same determinations 


alter the person tested had climbed 25 steps of a stair The physiopathologic sig 


miicance ot Schellong’s tests is confined to the various degrees of efficiency of 


the Bainbridge reflex, as far as the acceleration of the pulse is concerned, and 
of the Pagano-Hering reflex with respect to the pressure reflexes The particu 


larity of Schellong’s tests lies in the fact that they are carried out in small frac 


tions of time, ranging trom 20 seconds to 3 minutes This makes possible the 
detection of reactions of pulse and pressure whic therwise mel ve escape 
observation. Disturbances of the arterial pressure and of rate were 


emonstrated in patients with syndromes of neurocires latory dystonia as well as in 
patients with organic diseases of the heart and of the vessels \ neurocireulatory 
lystonia was demonstrated in the patients with poisoning due to carbon disulfide 
and trimtrotoluene. The affinity of these poisons for ¢ 


¢ nervous system m gen 
eral provides a plausible explanation for this phenomenon \ mild drop in blood 


pressure and an acceleraty 


of the pulse were demonstrated after the first minute 


of assuming an erect position in patients with silicosis of the second stage \ con 
siderable drop in pressure and a pron ced acceleration of the pulse were demon 


strated in silicotic patients in whom silicosis was associated with cardiac ¢ anges 


and signs of myocardial involvement Schellor 


gS first test proved particularly 


useful in detecting hemodynamic disorders in patients with + 


evrocireulatory dys 


toma, in the absence of cardiovascular lesions 


NASAL Lesions Due to Dust in Inpustry. C. Breuzzony 


18:49 (March-April) 1949 
\ 


ire hable to sustain injury from dust or fume in the cours 


Rassegna med 


rhinologist surveys the industrial conditions in which the 


reterences to numerous authorities, but sources are not given 


Che individual reaction to irritation is influenced by anatomic deviations from the 


normal and by varving susceptibility of the muco membrane ; the nasal passages 
play an important part in the defense against dust bv tl 


€ action of the vibrissae. 


the ciliated epithelium and the sneezing and coughing induced by irritation; but 
this reaction diminishes with prolonged exposure. at | injury may result 


action of dust is first on the cartilagingus part 1 tie eptum, where Ainge to 
irection of the air stream and the slowing effect of the terior turbinate, dust 
tends to be deposited Hajeck described perforation of the septum as occurring 
in six stages preulcerative induration, ulceratior tf the mucosa, denudation of 
cartilage, perforation of cartilage, complete perforation of the septum and 


icatrization of the edges; it is a dystrophic lesion histinguishable from the result 
localized infections 
Phe 


commonest lesions are those lue t hrorne 


nasal lesions which occur in various industries are lescribed The t 


and ind the etiologic factors, 
Iustologic changes in the epithelium, incidence and symptoms are deseribed. Cement 
may cause rhinitis and ulceration and perforation of the septum; the vibrissae 
become incrusted, and infection sometimes curs, with acute or chronic infective 
rhinitis, as described by Boer In the textile industries, epistaxis and changes 


in the nasal mucous membrane have heen observe: among workers in cotton: 


the drying effect of the dust 


ssia lesions among spinners were attrib 


q 
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of 400 spinners in a cotton mill in Moscow 60 per cent had atrophic rhinitis 
Hemp causes mechanical injury and may also lead to asthma; a common symptom 
is the sensation of a foreign body in the pharynx, and nasal observation is frequent 
Flax at first causes active irritation, and later. hyposmia. Dust of coral and 
mother-of-pearl may cause, according to Bruzzi, some degree of atrophy in the 
vestibule, extending to the inferior turbinate, and catarrh and asthma may result; 


the occurrence of osteomyelitis in the long bones is mentioned, sometimes with 


involvement of the muscles. Ulceration similar to that caused by chrome but 
without perforation oecurs in cadmium plating.. Other conditions mentioned are 
irritation, rarely with perforation, in the electrolytic extraction of zinc; lesions in 
aluminum workers, and in steel workers exposed to “Thomas” slag. E. Vigliani 
has described ulceration and perforation of the septum in the production of 
beryllium. Other substances causing nasal lesions include dust of grain, wood, 
tobacco, chemicals, emery, cyanamide, carbon and tar 

Measures for prevention are discussed; these include ventilation, removal of 
dust, respirators, selection and periodical examination of workers, and medication 


Butt. Hye. 


Industrial Toxicology 


OsteosarcoMA InpucED ny Oxipe, F. R. Durra and E. J. Larcent, 
Am. J. Path. 26:197 (March) 1950 


The possibility that beryllium might be capable of inducing neoplasia was first 
noted by Gardner and Heslington, who found that suspensions of zinc—beryllium 
silicate and of beryllium oxide, given intravenously, induced osteosarcomas m 
rabbits. As a part of their studies on the metabolism and the toxicologic aspects 
of beryllium, Dutra and Largent made an attempt to confirm and extend the 
knowledge about the neoplastigenic effect of beryllium 

The two materials emploved for the injections were (1) a purified beryllium 
oxide, and (2) a calcined phosphor composed of beryllium oxide, zinc oxide and 
silica. Neither of these materials was radioactive. An injection was made into 


an ear vein of each animal 3 times per week until the intended amount of material 


had been administered. The number of doses per animal ranged from 17 t 
and the amounts of beryllium (calculated as metal) ranged from 0.013 to 0.116 Gm. 
per kilogram of body weight. 


Aiter the animals had been given their final injection, they were examined pert 


odically by palpation of the skeletal structures for the presence of tumors. Osteo 
sarcomas developed in 6 of the 9 animals that lived for 1 year or more after the 


first injection. The first tumor appeared 1144 months after the start of the experi 


ment. Postmortem examination was required to reveal the tumors in 3 of the 
animals. The ability of simple beryllium compounds to stimulate neoplastic 
growth has been confirmed by these studies. It is known that beryllium is cap- 
able of inducing proliferation of fibrous stroma, and it is conceivable that some 
similar process is responsible for the induction of neoplastic proliferation, In the 
animals in which cancers developed there was, in addition, fibrosis of the liver and 
the spleen, as well as some foci of fibrosis in the bone marrow. Chemical analysis 
of the tumors revealed little beryllium, and tumor fragments from 1 animal were 


capable of growth in the anterior chamber of the guinea pig eye. Thus, the con- 


tinued growth of the osteogenic sarcoma, once established, appears to be indepen- 


dent of the presence of beryllium 
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There is no reason to believe, however, that the fibrosis which occurs in human 
beryllosis is likely to lead to the development of a tumor. There is no evidence 
indicating that any tumor has been induced by beryllium compounds except after 
these were intravenously administered to rabbits. 


Devayep Supcutantous GRANULOMA Evwarp A. SHorren 
Horace K. Grerex, Arch. Surg. 60:783 (April) 1950 


and 


A case of delayed subcutaneous beryllium granuloma developing about 3 years 
after the patient had been accidentally cut by a fluorescent tube is presented 
Magnesium tungstate was found in the part of the lesion excised; the absence of 
the component zinc-beryllium silicate in the lesion indicates to the authors that 
it disappeared in some manner after implantation. It is concluded that a know!l- 
edge of the lesion caused by fluorescent lamps is important and that the only way 
to make reasonably sure of a permanent cure is to make a wide excision of every 
cut caused by a beryllium-containing material 


From Nucrear ScieNcE ABSTRACTS. 


Uninary Uranium as a Measure or Exposure Hazarp. W. F. Neuman, 
Indust. Med. & Surg. 19:185 (April) 1950 


“The general metabolism of uranyl ion is reviewed briefly. Factors influencing 
the urinary excretion of uranium are discussed in detail. Based on known facts, 
the maximum allowable concentration of urinary uranium which may be consid- 
ered safe is calculated. Collection of urine specimens, storage and shipment of 
samples, and methods of analyses are also discussed. Finally, a suggested program 
ot future research is presented which would aid in obtaining a more accurate 
evaluation of urinary uranium values.”—AvuTHOR'S SUMMARY 


The author stresses the preliminary nature of the statements concerning safe 
urinary concentrations of uranium. <A list of 42 references is included 


R. K. Funkuouser, Cleveland 


INpUSTRY Matruew Street and D. V. G. 
Lancet 1:108 (Jan. 21) 1950. 


The authors supply a brief but comprehensive summary of clinical and patho- 
logical literature on arsine poisoning in reporting a case with recovery The 
exposure—later checked by controlled experiment—consisted of a 45 minute opera- 
tion of an open mixing machine, which had been used for mixing arsenous oxide 
and which, after being swept out, was used for mixing a soot-removing compound 
consisting of sodium chloride 440 Ib. (199.5 Kg.), sodium borate 22 Ib. (10 Kg.), 
ammonium sulfate 22 Ibs., powdered sulfur 22 tb. oxalic acid 33 Ib. (15 Kg.) and 
zine dust 44 Ib. (20 Kg.). The chemical process which is believed to have occurred 
was a release of nascent hydrogen in the reaction of oxalic acid and zinc, acting 
on residual arsenous oxide The chemist became sick 4 hours after the initial 
exposure, with colic, hematuria, chill, epistaxis, vomiting, jaundice and albuminuria. 
On the 4th day examination showed a temperature of 99.6 F., a pulse rate of 86 
and a respiratory rate of 20 per minute, jaundice and cyanosis, enlargement of the 
liver, hemoglobin 40 per cent (Haldane), a leukocyte count of 7,200 per cubic 


millimeter (segmented granulocytes 72 per cent, lymphocytes 16 per cent, monocytes 


11.5 per cent, eosinophilic granulocytes 6.5 per cent), a reticulocyte count of 5 per 


100 red cells. The blood urea level was 95 me per 100 ce. on the 3d day. On the 
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6th day blood arsenic was 0.95 ppm. The van den Bergh test showed a positive 
direct reaction and an indirect reaction of 2.0 units. Blood serum showed methemo 
albumin and a sulfemoglobin-like absorption spectrum line) at 624.5 mu 
Other findings were normal. The treatment was rest, drip transfusion of 2 bottles 
of packed red blood cells and daily oral administration of 12 gr. (0.78 Gm.) of 


ferrous sulfate. Four and a half months after exposure examination revealed no 


residual effects 


C, Ernert, Berkeley, Calif 


OCCUPATIONAL JAUNDICE AND ANagMia. Browntine, Practitioner 164:397 
(May) 1950 


Browning shows that jaundige or anemia or a combination of both may be 
the consequence of exposure to toxic agents, either physical or chemical [he 
circulating blood and the hemopoietic tissues of the body may be regarded as forming 
what has been termed the “hematon,” which includes the “erythron” and th 
“leucon,” and of this system the bone marrow is the most important organ. Any 
one who suffers from nutritional or idiopathic disturbance of marrow function is 
especially lable to suffer from dyshemopoiesis when exposed to toxic subtances 


with a specihe capacity for injuring the marrow 


\mong the aromatic hydrocarbons, of which benzene is the prototype, the 
chief pomt of action is the hemopoietic svstem. Some of the nitro- and amino 
derivatives of benzene, such as nitrobenzene and aniline, behave in an entirels 
different manner as compared with their parent compounds, showing as_ their 
characteristic toxic property the capacity to form methemoglobin, while one member 
of the group, trinitrotoluene, has the predominant effect of injuring the liver 
Phe liver is the chief site of injury caused by the halogenated hydrocarbons. but 
here, again, the degree of injury varies greatly among the individual compounds, 


tetrachloroethane being liable to cause acute yellow atrophy, while trichloro 


ethylene has slight, if any effect on the liver \mong the agents the chief 
t 


toxic effect ot which is the production of jaundice, the author discusses particularly 


tetrachloride Other “poisonous substances” which may cause jaundice are the 


chlormated naphthalenes and phosphorus 
Compounds which include aniline, nitrobenzene, dinitrobenzene and trimitro 


toluene form a large group used in the dyeing industry, in rubber industry 


(as accelerators and antioxidants) and to some extent in the manufacture of paints 


perfumes and tungicides. All have the characteristic property of forming methemo 
globin, and some, notably trinitrotoluene, of causing liver damage also They are 
thus, as a group, agents which may cause both anemia 1 jaundice 


Discussing agents producing anemia without jaundice, the author says that 
the term “toxic anemia” is usually applied to dyshemopoietic anemia occurring 
in a person employed in a process which brings him into contact with roentgen 
rays, radioactive substances and any chemical compound which mav be capable 
of producing this effect. The many toxic agents which produce dyshemopoiesis may 


be classified as (1 those which act directly on the marrow, (2) those which act 


on the peripheral blood cells and (3) those which form methemoglobin 


The tact that some of these compounds produce both anemia and jaundice poimts 


to the close relation of liver function and hemopotests Since the liver is the 
ite ot detoxication, the primary action of most substances known to produce 
aplastic and hypoplastic blood conditions is to cause liver damage. Once the 


protective filter is eliminated, the poison is free to act on the marrow 
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Pwo Serious Cases or Arstne TREATMENT RY BLEEDING AND 
PRANSFUSION, BY INTRAPERITONEAL IRRIGATIONS, AND BY : One Deatu 
AND Ont Recovery. J. C. Reymonp, P. Tanner, A. FE. Mazacry 


and Rater, Bull. et mém. Soc. méd. d. hdp. de Paris 68:940, 1949 


[wo healthy young men were employed in mixing zinc powder in a vat holding 
84 L. of an acid mvtalliferous sludge which contained 184 Gm. of arsenic. Some 
3) L.. of arseniuretted hydrogen must have been generated in a poorly ventilated 
room while the men leaned over the vat. After 15 minutes they became seriously 
ill and had to stop work. Uncontrollable vomiting set in, with intense diarrhea. 

immediately the condition of both men became grave The course of each 
while he was under treatment in the hospital is described at length. Every possible 
line of resuscitation was resorted to in order relieve the state of prostration duc 
to complete anuria, which in one case persisted 13 days. In order to remove 
urea from the blood, recourse was had to bleeding and replacing the blood by 
transfusion, and to irrigation of the peritoneum. Benefit was obtained \fter 
17 days, when at last 250 ce. of clear urine had been passed, consciousness was 
regained by one patient, who asked for a book to read and to be allowed to smoke: 
suddenly he collapsed and died of heart failure. In the other case complete anuria 
persisted nine days before, on the 12th day of the poisoning, 520 cc. of urine was 
passed. Here, also, bleeding and transfusion, together with peritoneal irrigation. 
were resorted to. Slowly, after an anxious fortnight, the extremely alarming 
condition gave way to recovery, and the patient was able to leave the hospital cured 
after tour months. He has remained well. In both cases dimercaprol (BAI 
was administered, as it is claimed to be a sure antidote is polsoning 
by arsenic; it was not found of any value, rather the reverse, as it trequently 
provoked vomiting about a half-hour after administration The treatment held 
tf impending uremia by removing from one pati 1) Gm urea and trom 
the other 400 Gm., while 90 mg. of arsenic was withdrawn fre ne man and 
SO me. from the r. Only recourse to tl riginal report n any idea 
# the tenacity of the fight carried o1 he attempt to save these two atid 


carried on in a small local hospital 


M. Gautier, P. Tanret 


Paris 68:950) 


\ climeal discussion of the 


iLEPTIC ATTACKS AS MANIFESTATIONS OF OcCUPATIONAI INTOXICATION Di 


X) M Barsorti and G. Crorrt. Med 


ro TRIMETHYLENETRINITROAMINE (RD 
d. lavoro 40:107 (April) 1949 


Rarsotti < rotti repert on 17 workmen who were employed in a plant 


} 


producing trimethylenetrinitroamine (RDX), for which the Brit use e term 
“eyclonite,” the French “hexogene Italian “T, \ll these workmen 
handled RDX in powder form in the d and sieving process and consequently 
were exposed to inhalatior t n a tew months of their employment 
they presented symptoms similar to those of ¢ pileptic attack: lo f conscious 
ness, absence of reflexes, biting of th rig salivation, enuresis and involuntary 
discharge of semen Che sudden onset of an attack was preceded occasionally by 

period of insomnia, restlessness and nervous irritability of one to two days’ 


duration rhe attacks were followed by deep coma lasting several hot 
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awakening the patients experienced amnesia, vomiting, discomfort, followed by 
asthenia, nausea, headache, hypotension and anorexia for several days. These 
patients had no history of convulsions before the work with RDX was started, 
but many used alcoholic liquors and tobacco to excess; The fact that women 
working in the plant and doing the packing of the dried powder did not experience 
attacks of this type favors the concept of the synergistic action of RDX and 
alcohol and tobacco, although some of the patients neither smoked nor drank 
alcoholic beverages. Relapses did not occur when the patients were 7emoved 
from exposure. Prophylactic measures include use of closed drying apparatus 
and of masks, periodical medical examinations, and excluding from the processing 
of this substance persons with a history of nervousness and psychopathy, alcoholics 


and heavy smokers and those who have proved to be sensitive to RDX. 


Errect of Some Potyruiotactic Actps IN THE PREVENTION AND CURE OF 
Cnrontc Mercurtacism. Med. lavoro 41:10 (Jan.) 1950. 


Tue 


Baldi claims successful “on the job” treatment of workers in a felt hat factory. 
Therapy was begun on the appearance of the first signs of mercury poisoning, and 
consisted of 15 to 20 intramuscular injections of 2 cc. quantities of thiopan,* a 
proprietary drug reputedly composed of a mixture of the sodium salts of thiolactic 
and trithiodilactic acids. Of 30 workers treated, 10 exhibited attenuation of symp- 
toms after one course of injeetions; 7, after two courses; 11 exhibited temporary 
recovery, the reappearance being again controlled by further injections; 2 had 
poisoning which was totally refractory to the therapy 


B. H. Amour, Cambridge, Mass. 


Medicine and Surgery 


PROCEEDINGS OF THE LEAD HyGIENe CONFERENCE OF THE Leavy INDUSTRIES 
New York 


\SSOCTATION, 


In this symposium on lead hygiene, the well founded principles of the prevention, 
control and treatment of lead absorption and toxicity are discussed, as well as 
newer concepts in the lead field, such as dimercaprol injection U.S. P. (BAL) 
and urinary porphyrins 

In the management of lead absorption the emphasis is placed first on prevention 
by control of exposure, and then on early diagnosis of absorption so that toxicity 
can be prevented. Reliance cannot be placed on one laboratory finding, such 
as stippled erythrocyte counts, basophilic aggregation or urinary or blood lead 
The total clinical picture must be taken into account, with frequent medical 
interviews with the worker, physical examinations, blood counts and other diagnostic 
procedures, and the trends, such as a rise in stippled cells, may be more important 
than the actual level. A method of coordinating medical services is presented in 
detail, with forms for recording examinations. The elements necessary in a 
good state lead hygiene program are reviewed by a description of the program 
existing in New York state 

Drs. Meek and Harrold present data on the solubility of lead chromate in pleural 
fluid, indicating that the low toxicity of atmospheric lead chromate may be 
explained by the fact that its solubility is low in lung fluid, allowing only limited 
and slow absorption 

The use of BAL in reducing arsenic and mercury toxicity is reviewed, and data 
are given illustrating its effect of increasing renal excretion of lead in rabbits 


10 to SM) fold. In a controlled group of patients treated for lead colic with 
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large doses of BAL, the effect was to inc rease urmary lead concentration 5 to 


50 times without influencing severity or duration of symptoms The use of 


BAL to prevent lead toxicity was suggested as a future experimental project 

The factors influencing the severe air pollution problem in Los Angeles 
are briefly discussed, and the controls unposed on the ferrous and nonferrous 
industries in that area are described 


In a paper on aluminum in siheosis, Dr. Berry shows that 1 


» adequate study 
of its effect in preventing silicosis has been made and that in a small controlled 
group of silicotic patients treated with aluminum no beneficial effect was evident 
\ preliminary study of urinary levels of coproporphyrin in lead absorption is 
summarized 
R. K. Funkuouser, Cleveland 


MANAGEMENT oF Heart DIsease THE Street W. H. Rice, 
South. M. J. 43:553 (June) 1950 


Rice ts concerned with preserving the working capacity of patients who have 
heart disease. He believes that industrial surgeons can prolong the useful life 
and comfort of many such persons. It can be accomplished if the industrial 
physician will spend a little more time and effort with the patient after the 
diagnosis has been made. He should caretully and meticulously outline to the 
patient and to the employer what the work capacity ot the patient with heart 
disease is. Employer and physician should always remember that the patient has 
a family or some one dependent on his income and that he can usually be placed 
on a useful job. His abilities and skills should be utilized up to his capacity. It 
IS a gratifying experience to see men with cardiac deficiencies live out their 
normal expectancy performing useful assignments and earning their own living 

\fter a work program has been established for these heart cripples, most of 
them become faithful, loyal and dependable workmen Their absentee 
low. To have a share in rehabilitating them is indeed ; 


rate 1s 
i pleasure 


Tne Errect or Aprenocorticorroptc Hormone | \CTH) on Beryitium Grant 
LOMATOSIS Pretiminary Report. B J. Kennepy, J. A. PL Pare, 
K. K. Pump anv R. L. Stanrorp, Canad. M \. J. 62:426 (May) 1950 


Kennedy and his associates point out that alterations in cellular and fibrous 
Ussue reactions have been observed when cortisone or ACTH (pituitary adrenocorti 
cotropic hormone) was administered. It was postulated that since beryllium 
granulomatosis is characterized by excessive fibrous tissue and cellular reaction 
of the interalveolar septums and occasionally by hyperglobulinemia, an alteration 
of the disease process might occur with administration of the pituitary adreno 


corticotropic factor 


The patient to whom ACTH was given was a man aged 27 who had been 


employed in a fluorescent lamp manutacturing plant from Sept. 6, 1940 to \pril 


3, 1943, where he was exposed to beryllium dust. In July 1947, cough. dy spnea 


on exertion, anorexia, loss of weight (10 pounds [4.5 Kg.]) and weakness he gan 


\ roentgenogram of the chest revealed a diffuse granulomatous process in both 
lungs with hilar node enlargement During the ensuing two years the disease 
gradually progressed, as evidenced by dyspnea even on mild exertion, and an 
increase in the extent of the pulmonary lesions rhe patient was admitted to 
McGill University Clinic on Jan. 21, 1950. After a two week control period, 


administration of ACTH, 25 mg. four times a day intramuscularly, was commenced 


February 7 and continued for 28 days 
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During the four weeks of ACTH administration a striking subjective improve 


ment occurred There was an increased feeling of well-being Toward the 


end of the period of ACTH injections increased aggressiveness and emotional 


instability necessitated discontinuance of the treatment 


During the first week of the ACTH therapy the pulmonary rales gradually 


disappeared, and the lungs remained clear on auscultation thereafter. Concomitant 


with this change, the patient noted a decrease in dyspnea on exertion. The third 


week, climbing four flights of stairs produced no distress, though before ACTH 


Was given a tew steps produced severe dyspnea. There appeared to be no clinical 


impairment of respiratory function at the time the treatment was discontinued 


Studies of lung volume and maximum breathing capacity demonstrated progressive 


improvement throughout the period of investigation. Roentgenograms demonstrated 


a gradual decrease in the pulmonary markings, an apparent decrease in the size 


and density of nodules, a decrease in the size of hilar nodes and clearing of the 


lungs. The nodular densities, however, had not entirely disappeared. Ten days 


atter cessation of the ACTH treatment a few patchy densities had reappeared, 


but the improvement of the clinical status and of respiratory function had not 


altered. It is obvious that follow-up studies are necessary to determine the 


duration of this improvement 


No attempt has been made to explain the mode or the site of action of the 


adrenocorticotropic hormene Complete metabolic data and. the progress of the 


patient will be presented in a future report 


Funknouser, Cleveland 


Graxvutomatosis. J. Gerrie, Kenxepy anp S. L. Ricwari 


Canad. M. A. J. 62:544 (June) 1950 


\ case of subcutaneous beryllium granuloma due to laceration with a broken 


fluorescent lamp is reported Following suture of the original laceration, the 
scars were sott red, tender and raised MW ide excision produced good healing 
Phe specimen showed a histologic picture similar to that of sarceid 


literature pertaiming to cutaneous and pulmonary beryllium toxic ity is summarized 


briefly, and public health measures necessary in the prevention 


Ot toxictiv are 


mentioned 


R. K. Fuxknouser, Cleveland 


Stupy or THerapy (BAL) tn Lean Porsoninc. Craupto ANGELERI. 


Med. d. lavoro 40:265 (Nov.) 1949 


\ngelert reports ¢ 5 patients with chronic lead poisoning, 2 of whom 


were 


given dimercaprol (BAT during intestinal col while the 3 


remaining 


patients recerved the drug shortly after the colic subsided The results suggested 
that it is preterable to initiate the treatment within & to 10 days after the coli 

ts subsided, very small doses beimg administered, i.e. 4 to 6 me per kilogram 
oat body weight per day Even smaller doses, 2.5 mg. per kilogram of body 


weight per day, are advisable when the drug is administered during or immedi 


itely after the colic Close supervision of the patient is required during the 


imistration of the 


rhe increase in number of red blood cel's and in 


hemoglobin content and the improvement of tl 


« general condition were obtained 


and were more definite than those observed with other therapeutic 
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Environmental Conditions 
INpUsTRIAL AND DEAFNESS 


tp, J. Imsur. Med. §:32 (March- 
\pril-May) 1950 


\ccording to Guild, the degree of deafness caused by noise varies with the 
intensity of the sounds and the length of exposure. Furthermore, persons on 
simuar jobs exposed for the same length of time to the same sounds differ markedly 
with respect to the amount of hearing lost—an observation suggesting that the 
ears ot some persons are less resistant to sound than are the ears of 
most persons 


Industrial noises have never caused total deatness, but frequently the deafness 
Is sO severe that voices cannot be understood at ordinary c nversational distances 
and instructions cannot be understood unless shouted close to the ear. The damage 
done im an ear overstimulated by noise or other sounds consists in actual destruc 
tion of the hair cells of the organ of Corti, which is the “transmitter,” or “micro 
phone,” of the inner ear. Data from human and animal subjects exposed for 
relatively short periods under laboratory conditions suggest that about 90 decibels 


above the threshold of hearing (or a billion fold the 


energy) 1s the upper limit 
Ol safety tor factory conditions 


rhe real answer to the important question of what is the upper limit of safety 


tor industrial noises requires the making of hearing tests ot a large number of 


had good hearing before employment and 


who have worked for considerable lengths of time or 


persons, all of whom are known to have 


ily in places where the noise 


levels have been systematically measured and recorded The making of such 


studies and the taking of appropriate action « the basis of the findings are 


it will cost less, in the long run, than will 


the disability payments likely to be assessed against t! 


ot preventable deafness of personnnel employed 


recommended to industrial organizations : 


« employers on the basis 


the noisy locations Effective 


programs tor the prevention of deafness due to 


the 


mse require accurate testing of 
he hearing of new employees before they start 


work, and repeating the tests, 


especially with persons whose hearing was originally good. on several occasions 


first tew weeks and months on the job 
walls, pillars and ceilings may 
sufficiently reduce the intensity of sound for situations in which t 


The placing of sound-absorbing material on 


he hose level 
is only slightly in excess of the safe upper limit. The use of ear plugs, ear muffs 
or helmets will be necessary in addition to structural measures in m: ty industrial 
situations. The question of whether or not the method chosen for trial is actually 


effective can be answered only by making hearing tests of selected personnel 


trom time to time 


Determination of Air-Borne Contaminants 


L. S. Sonkix, Am. J. Hyg. $1:319 (May 


APPLICATION OF THE CASCADE IMPACTOR \EROSOLS 


\ 5 stage cascade impactor is ce was found 
be practical for determining the ¢ entration and distribution of bacteria in 
air-borne particles of different sizes The cascade impactor was found to have 
the same efficiency as the Folin bubbler sampler, which traps about 9) per cent of 
air-borne bacteria. A method of calculating the relationship between distribution 
of bacteria and mass in particles of different sizes is presented 


M. W. First, Boston 
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POLAKOGKAPHIC MICKODETERMINATION oF HROMIUM IN Dusts AND Mists. 


F. Urone, Mary Lovise Druscuen and Hanns K Anvers, Analyt. Chem 
22:472 (March) 1950 


rhe method described may be applied to chromium in ores, Oxides and various 


imorgamic salts. The samples analyzed are of a “micro” or “semimicro” size. The 


amounts of chromium found vary from a few mic rograms to several milligrams 


\ number of factors influencing the accuracy of the determination have been 


studied. Results obtained with the proposed method are 


compared with results 
obtained with standard methods 


\nalyses of several National Bureau of Stand 
ards samples are also given . 7 
From tHe AvuTHors’ SuMMARY. 


COMPARISON OF Potsonous Gases FROM PERMISSIBLE 
IN Bicnet-Gack ano Coar-Mine Tests J. E. Tirrany, E. J. Mureny 
and N. E. Hanna, Report of Investigations, no. 4663, United States Depart 
ment ot the Interior, Bureau of Mines, March 1950 


EXpLosives AS OpralNep 


The principal constituent of the poisonous gases given off by explosives is 
carbon monoxide The ratio of the amounts of carbon 


mine shots”of class A and class B 


monoxide generated in 
explosives was found to be the same as that 
in Bichel gage tests with the same explosives rheretfore, the Bichel 


Rage test 


remams a valid test in the evaluation or fume classification of explosives 


AUTHORS’ SUMMARY 


Ventilation, Air Conditioning and Engineering Control 


Hisrorica Résumé or Mine TUNNE! VENTILATION BUREAU OF 
Mines 1910-1949. G. E. McExroy, Information ¢ ircular 7556, United States 
Department of the Interior, Bureau of Mines, March 1950 


Phis is a concise review of various studies undertaken by investigators of the 


Bureau of Mines to increase the health and safety of those underground The 


work reviewed includes both field work and laboratory 


research relating to such 
problems as mine gases and mine air. vehicular t 


unnel studies with regard to toxic 


combustion gases, and effective temperature studies \n extensive bibliography 


of fundamental and in some cases classic publications is included. 


B. H. Amour, Cambridge, Mass 


Mernops ror MAINTAINING BacTERIAL Purity or Air. R. E. O 


WILLIAMS, 
J. Inst. Heat. & Vent. Engin. 16:404 (Jan.) 1949 


Methods of purifying air include filtratic n, Washing, precipitation by 


steam con 
densation or electrostatic force. 


treatment of floors and fabrics within the space, 
heat and ultraviolet radiation, anc 


chemical sprays or fumes. Results of tests of 
cach method are reported. The choice of purifying method depends on the use of 
the space and the degree of purification desired \ combination of 


often indicated. Ninety-eight references and a discussion are included 


methods is 


From Rerric. Apstr 


\tk Conprtiontnc Crane Cans. R. D. Darran. Refrig Engin. 57:440 (May) 
1949 


Combining adequate refrigeration with an effective method of reducing 
inating dust, dirt, fumes and 


or elim 
gases mm crane cabs provides a highly satisfactory 
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ditioning system which will accomplish these resylts is described. 
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and economical method for increasing the crane operator's efficiency. An air con 


From Rerric. Agstr 


THe 


Psycnonevroric Inpustry. W. S. Dawson, M. J. Australia 225 
(Feb. 18) 1950. 


ESTIMATION OF VENTILATION AIR TEMPERATURES IN Deer MINES 
pe V. Lamprecuts, J. Chem. Metallurg. & Mining Soc., South Africa 
50:184 (Feb.) 1950 


THE 


This paper deals with a purely empiric approach to the subject of wet bulb 
temperature changes in mines where operations are conducted or are to be con 
ducted mainly in quartzitic rock, as on the Witwatersrand and in the Orange Free 
State gold mines. Numerous temperature changes observed in shafts, other 
airways and stopes are analyzed and discussed and correlated with the corresponding 
natural rock temperature, initial wet bulb temperature, distance, air velocity and 
condition of airway (1. e., “wet” or “dry"). The working hypothesis on which the 
analyses are based is really an oversimplification of the fundamental laws governing 
heat flow and is, namely, this, that the difference between the natural rock 
temperature and the wet bulb temperature at the entrance to an airway provides, 
on an average, a measure of the rate at which wet bulb temperature will increas« 
in that airway for a given air velocity and moisture condition; smoothed graphs 
tor such correlations are evolved. The analyses are based on a total of about 
140,000 ft. of vertical shaft, 230,000 ft. of other airway and 30,000 ft. of stope 
All observations were made in Witwatersrand gold mines under normal working 
conditions and at vertical depths below surface covered by the range zero to 
8,000 ft. The data presented are intended to fill a gap between the correct scientific 


approach and what might be called a purely “rule of thumb” approach to the 


subject of heat or temperature changes in mines 


\utuor’s 


Metnops oF Expressing THe Errects of THermMat ENviroNMENT ON MAN 
C. H, Wyxpnam, J. Chem., Metallurg. & Mining Soc., South Africa $0:211 
(March) 1950, 


his 1s a critical review of physical, biophysical, sensory and physiologic methods 
developed during the last 30 years for evaluating the effects of thermal environments 
on man. Much of the review is devoted to the calorimetric methods developed by 
the John B. Pierce Laboratory of Yale University, including advantages, limitations, 
possibilities, etc. In the author’s opinion, all methods are open to criticism and 


should be regarded as only interim until more precise biophysical methods become 
x pry 


available C. P. Yacrovu, Boston 


PREVENTION OF SILICOSIS IN SANDRLASTERS, G. PANCHERI, Rassegna med 
indust. 18:58 (March-April) 1949 


Tue 


Two types of sandblasting apparatus are described. One is an enclosed cabinet 
in which small articles are treated with a jet of abrasive driven by compressed 
air against the articles, while the hands of the operator are passed through two 
openings guarded by long sleeves of impervious material; the operation is 
controlled by a view through a small window placed at a convenient height. and 
is lighted by an electric lamp Four similar cabinets are placed side by side, 


and an exhaust duct from each joins a common duct leading to a evelone. in which 
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the coarse sand is separated and returned to the jet to be used again, while 


he fine dust passes to a bag filter and a water trough: the common exhaust duct 


passes through the wall to the outside, and the cyclone, filter and trough are 


comtamed im a housing outside the workroom 


be treated are placed for the jet of abrasive to play on them as the table rotates: a 


here is a turntable on which the articles to 


other apparatus described 


cover encloses the table completely when blasting is in progress and can be 


pened tor placing and removing the articles. The apparatus as described appears 


to be well designed and constructed. It is well illustrated with four photographs 


unl two diagrams 


Lust samples taken frequently near both processes gave counts below 500 


particles per cubic centimeter, compared with several thousand particles before the 


mmiprovements in the apparatus were introduced. The improved count cited by 


the author exceeds the limits in use in various other countries 


Accidents and Their Prevention; Protective Equipment 


\ Mernop or Repucinc tue Acciwenr Rate ix Bus Operation AAROLD 
BARNDALEONE and Richarp H. Dattey, Indust. Med. & Sure. 19:23] 
(May) 1950 


\ method of selecting candidates for bus operation in a large city transportation 


system has been presented This method involves close cooperation of | the 


personnel, medical and safety departments. Complete motorability, psychophysical 


: and medical examinations are performed 


This method has been a major factor in reducing the accident frequency 40 


per cent ina 24 month period. In spite of the fact that standard work hours were 


the same in the two groups of operators compared for a three mouth period, it 


was found that men selected by the new criteria worked 3.52 per cent more than 


men selected by the old. During comparable six-month periods it was found that 


the men selected by the new criteria had 101 fewer accidents than men selected by 


the old criteria. Fifty-five per cent of the reduced number of accidents in the 


new group were in the category over which the operator had a medium of control 


rhis proves that proper selection and training can reduce the number of preventable 


accidents 


\nnual medical 


examinations and regular retraining periods are necessary 


to maintam a minimum accident rate 


AUTHORS’ SUMMARY 


Rock-Dusting ExpertMents ror ArrESTING CoaL-MINE EXpLostIons 


InVING HARTMANN, Joun Nacy. H. HowartH and ABNER Sacus, 


Report of Investigation, no. 46088, United States Department of the Interior, 
sureau of Mines, April 1950 


tests described indicate that properly designed system of bag-type rock-dust 


muts equipped 


with bursters for dispersing the dust is capable of arresting th 


pagation of coal dust explosions in mines. In the study undertaken, it was 


possible to stop coal dust explosions initiated by a blown-out shot, by a weak 


gas explosion and by a strong gas explosion. Such a system is not at present 
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intended to replace generalized rock dusting in commercial mines but could 


conceivably be used to complement such rock dusting in certain locations 


\dvantages, deficiency and the studies in progress are indicated 


From tHe Avutuors’ S 


MMARY 


Legal Medicine 


Disastuity Evacvation. E. D, McBrive, Arch. Phys. Med. 32:35 (Jan.) 1950 


\ccording to McBride, evaluating disability is not solely a matter of determining 


the extent of the anatomic or physiologic alterations of the body Phe alterations 


must be evaluated with respect to the duties of employment or the capacity for 


work 


In cases involving a claim for disability, medical examination entails at 
exceptional investigation that will substantiate or disprove the symptoms described 


by the claimant. From the medical point of view the loss of function is the basis 


of disability evaluation. If medical examination can establish what the disabled 


person can or cannot do, the matter of the wage loss represented in the loss of earn 


ing capacity or in other economic limitations can be settled. The fundamentals of 


tunction are as follows: quickness of action, coordination of movements, stren 


sth 


security, endurance, safety as a workman and employability If each of thes 


factors Is given a percentage of evaluation according to its importance in relation 


to working capacity, there will then be a suitable measuring rod of disability 


Che functional measuring rod provides a definite method of reasoning concerning the 
extent of disability 


In arriving at a conclusion as to the degree of loss of each functional factor im 


the measuring rod it is of advantage to apply practical functional tests that can 
be carried out without special apparatus in the office during the examination 
\ list of 40 functional tests (10 for the hand and fingers, 10 for the hand. wrist 
elbow and shoulder, 10 for the foot, ankle, knee and hip and 10 tor the back) is 
appended. These tests are for the purpose of clarifying knowledge of the disabled 


person's ability to apply himself at work 


COMPRESSED AiR Toons as CAUSE OF SPRINGFINGES R. Scuetmr, Monatsschr. { 


Unfalth. §2:106 (April) 1949 


Scheidt reports a case of inflammation of tendons and tendon sheaths of the 


palm in a man w 


1 worked with a compressed air hammer of 30 Ke. weieht for 


tour to six hours daily, breaking up concrete during road constructior The 


man had never before done heavy. work with his hands. Several weeks after he 


started using the compressed air hammer he had pains in both hands in t 


pi 


ATCA 


of the proximal phalanges of the second, third and fourth fingers. He 


had a 
sensation of swelling or thickening in the area between the middle and proximal 
phalanges, and on waking up in the morning he could not close the fist because of 
pain. The thumbs were not involved 

It is important for the evaluation of the clinical aspect that. the impact of 
the heavy compressed air hammer hit the palm when t 


fist is closed, and the 
proximal phalanges of the second to the fifth finger vertical to. the palm, while 
he thumbs are not exposed to these chronic insults \ real interception of the 


recoil does not occur, and that explains the absence of typical changes in the joints, 


muscular imsertions and ligaments 


Phe absence of any training of the hands in the case reported suggests a certain 


disposition Such a disposition may be assumed in all the workers 


using 
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compressed air tools who present lesions of the hand, since their precentage is 
small, namely 0.15 per cent. Springing of the fingers may result only when, 
during the play of the tendons, a circumscribed thickening of the tendon wants 
to pass through a physiologic or pathologic narrowing of the tendon sheath and 
when there is disparity of the corresponding diameters. The most important tactor 
is the traumatic change in the tendon ‘itself, such as sterile inflammation of the 
synovial membrane of the tendon, granulations, proliferation of the synovial villi 
and imtrafibrillary extravasation of blood. In contrast to the present legal regu 
lations, springfinger must be considered as an occupational disease Recovery will 
result from discontinuation of the work with the compressed air tool 


Rote or Trauma in Hernia or Putposus. E. Géxtuer, Monatsschr 
f. Unfalth. $2:257 (Sept.) 1949 


Gunther says that in a large number of patients who had sustained injuries 
# the vertebrae he made a careful search to determine whether hernia of the 
nucleus pulposus is ever produced by an accident. Among hundreds of patients he 
found only 1 with compression fracture of vertebral bodies who had sciatica-like 
symptoms. He reasons that if the opinion of many American investigators about 
the traumatic origin of the prolapse of the nucleus pulposus is correct, such prolapses 
should be found in cases of injuries of vertebrae, because all the mechanical 
prerequisites for the prolapse are present in these cases: sudden exertion of 
toree with excessive bending or stretching It is quite understandable that in 
ase ot a vertebral fracture the adjoining intervertebral disks become involved 
These changes can often be demonstrated by means of roentgen rays. It can be 
seen that the intervertebral disk or parts of it, on destruction of the cover or base 
plates, are pressed into the body of the vertebra or are pressed outward anteriorly 
or to the side, but the author has never seen a typical hernia of the nucleus 
pulposus in these cases of injuries of vertebrae 

The author points out that Schmorl had found that the intervertebral disk 
nearly always shows degenerative changes, and his own clinical observations indicate 
that an isolated injury of the intervertebral disk, such as a prolapse of the pulposus, 
must be due chiefly to degenerative rather than to traumatic causes Admittedly, 


degenerative changes may s 


» alter the intervertebral disk that it is no longer 
equal to ordinary exertion and at some time it may tear. and the degenerative 
changes that had existed for a long time will then become manifest through 
the resulting prolapse. Because of the suddenness of the occurrence, the patient 
may be inclined to ascribe it to an external cause The author also discusses 
the concept of microtrauma in this connection 

The author feels that study of serial sections and clinical observation do not 
justify the assumption that certain occupations are predisposed to prolapse of the 


nucleus pulposus; on the contrary, they indicate that lesions of the intervertebral 


disk are the result of natural degeneration incident to the process of aging. He 


rejects the theory that prolapse of the nucleus pulposus is caused chiefly by trauma. 


Radioactive Substances and X-Ray 
Pure Use or Raprwoactive Static Evimtnxators tN A PLANT. Irvine 
L., BERMAN and Evcene P. Exnest, Indust. Med. & Surg. 19:229 (May) 1950 
lhe authors believe that it is safe to use a limited number of radivactive static 
chminators im the pressroom, with certain precautions 


1. The potential hazard is understood by responsible officials 
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2. The eliminators are properly installed. (This is an individual problem for 
cach installation.) 

3. An adequate survey and follow-up are 
experimental study, advisable at the present 


static eliminators 


made with clinical, laboratory and 
stage ot development of radioactive 


4. An appropriate set of rules is drawn up and adequate provisions are made 


tor their enforcement 
\uTHoRS’ SUMMARY. 


Putmonary Cancer Propucen sy Rapwacrive 


EMANATIONS M. S. Vesin, 
Arch. d. mal. profess. 9:280, 1948 


lhe effects of radioactive emanations on the lunes of mine workers in Jachymow 


are discussed. It is claimed that other factors predispose to the development of 


carcinoma of the lungs in miners: the lack of oxygen, the excess of carbon choxide 


and, possibly, silicosis and arsenic dust. Prophylaxis requires better ventilation 


of the mines. Work in the mines, it is concluded, should he restricted to 5 to 


10) ve; wT perso 
years | person From NucLeAR Scrence Agstracts 
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Book Reviews 


The Chemistry of Industrial Toxicology. Py Hervey B. Elkins, Ph.D 
Pp. 406, with 24 illustrations, 43 tables and 366 references. Price, $5.50 
John Wiley & Sons, Inc., 440 4th Ave. New York, 1950. 


Concise, authoritative information concerning the evaluation and effect of the 
chemicals in the industrial environment on exposed workers, which can be used by 
technically trained plant personnel who are not industrial hygienists, is presented 


in this book. Dr. Elkins’ years of experience as an industrial hygiene chemist 


have enabled him to select that information most likely to be of use. The first 


section of the book presents the effects of most of the industrial chemicals to 


which workers are exposed; the second section presents selected analytic methods 


and procedures for evaluating many of these exposures. Details which frequently 


are confusing to the reader who is not an industrial hygienist are omitted from the 
text, but well chosen references to the literature are available for those who wish 
to pursue a specific subject to greater length. Included are brief but lucid sections 
i on natural and industrial products and exposures associated with many industrial 
operations and processes 

Although the book is not primarily intended for their use, professional indus 
trial hygienists may read with profit the chapters on maximum allowable concen 


trations, fallacies and unsolved problems. 


This volume is also suitable as a textbook for short courses in industrial toxi 
cology for safety engineers, plant chemists and others responsible for the health 


and safety of worker 
Wititam G. Freprick, Sc.D., Detroit 


Infection and Sepsis in Industrial Wounds of the Hand (A Bacterio- 
logical Study of Aetiology and Prophylaxis). By Rk. E. O. Williams 
and A. A. Miles (assisted by Barbara Clayton-Cooper and Brenda Moss) 


Medical Research Council, Special Report Series, no. 266. Paper. Pp. 87, 


with 31 tables and 5 figures. Price, Is. 6d., net. His Majesty's Stationery 
Office, Adastral House, Kingsway, London, W.C. 2, 1949 


The content of this brochure is based on the experience of the authors in 


conducting a wound infection research unit established in the Birmingham Accident 


previously, and these are brought together with a complete story of the operation 


al, between 1942 and 1945. Some of the results have been briefly reported 


of the special investigation originally outlined 


In 73 pages, together with several pages of appendixes, the authors discuss 


the incidence of staphylococcic infections with particular reference to the lapse 


ot time between the infection of the wound and the medical attention that is 


given the patient. It is concluded that a large percentage of staphylococcic infections 


are derived trom organisms present in the skin of the patients at the time of 


wound inthetion, whereas self infection is rare in the streptococcic infections 


| 
2 
= 


BOOK REVIEWS 


Che authors’ summary follows in part 

“Ot various factors that might predispose to infection and sepsis, in only 
the staphylococcus carriers can wound contamination by staphylococci be shown to 
have a constant effect 

“The clinically healthy wounds with no demonstrable bacteriological infection 
had a mean healing time of 16.1 days; the septic wounds averaged 31.5 days 
Pyococcal infection in the absence of clinical signs Was associated with some 
delay in healing, which appeared to be due partly to the inclusion in. the group 
ot some wounds that became infected as a consequence of their delayed he aling.” 

The authors state that improvements of aseptic dressing routine reduced the 
incidence of streptococcic infection to a low level, and probably also staphylococcic 
infection to some extent. 

As the result of a detailed study ot wounds treated from the time of 
injury in hospital outpatient departments and in factory surgeries, the authors 
consider that they have demonstrated the dominant part played by infection 
produced at the time of injury or soon afterward, and that the incidence of 
sepsis can be reduced by the use of a rigorous aseptic dressing technic and by 
thorough cleansing of wounds and surrounding skin Their data also suggest 
that routine local application of sulfathiazole reduces the risk of sepsis 

They go on to state: “The prevention of sepsis must start earlier. in. the 
factory. Here there are, in our opinion, two lines of approach. First, there 
is the mechanical and psychological problem of preventing minor wounds of the 
type here discussed; the risk of trivial injury from swarf (particularly the sharper 
metallic filings and shavings resulting from machine tool work) is great, and, 
in the factories studied, the incidence of such injury is comparatively so large 
that probably a substantial proportion of the workers are subjected to that 
risk, irrespective of whether they are grossly accident-prone or not; the elimination 


of swarf should therefore be an important protective factor Secondly, there 


is the medical problem of minimizing the risk of bacteria entering the wounds 


that do occur 

“Another conclusion that emerges from this work is that it is essential. in 
carrying out tests of prophylactic methods for wound infection, to include a 
study of the carrier state of the patients in both test and control groups at 
the time of plenary treatment. It is probably also important to measure the 
effects of the methods tested in terms of silent infection as well as manifest sepsis. 

“Lastly we may make a plea for statistical design in the testing of prophylactic 
methods. Despite the fact that local sulfonamides have been widely advocated as 
preventing wound sepsis, a search of the literature reveals few adequately controlled 
tests to support this thesis. Our own tests were, we think, carried out in a manner 
likely to demonstrate any beneficial effects, and the fact that they were mainly 


inconclusive adds great weight to our plea.” Ravuonn Hussy. M.D 


The Principles and Practices of Rehabilitation. Edited by Henry H. Kessler, 
M.D., Ph.D. Pp. 448, with 132 illustrations and a colored plate. Price, $9 
Lea & Febiger, 600 Washington Square, Philadelphia 6, Pa. 1950 

The editor of this book is one of the most experienced and capable men in 

the field of medical rehabilitation. He has selected 21 contributors, each with a 


national reputation, to cover this broad field of medical practice 
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The subjects covered include plastic surgery, prosthetic appliances, physical and 


occupational therapy, physical conditioning, disability evaluation, organization of a 
rehabilitation center, and the general principles involved, including training for 
and placement in industry 


The special conditions amplified in separate chapters are amputees, cerebral 
palsy, neurologic diseases, poliomyelitis, heart disease, tuberculosis, blindness and 
hearing disability, There is also a separate chapter on 
industrially injured 


rehabilitation of the 


This is a valuable collection of information for all dealing with problems of 
medical rehabilitation, including physical and occupational therapists, 
surgeons and specialists in the field of physical medicine 


industrial 


\. L. WatTKINS 
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Now PROOF... in an instant, Doctor, 
PHILIP MORRIS are LESS IRRITATING 


Just Make This Simple Test: 


... light up a ... light up your present brand 


Puitip Morris e DON’T INHALE. Just take a puff and 
Take a puff—DON'T INHALE. Just s-l-o-w-l-y let the smoke come through 
s-l-o-w-l-y let the smoke come through your nose. Notice that bite, that sting? 
your nose. Easy, isn't it? AND NOW... Quite a difference from PHILIP Morris! 


YES, your own personal experience confirms the results of the clinical 
and laboratory tests.* With proof so conclusive, would it not be good practice to 
suggest PHILIP MORRIS to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc 
100 Park Avenue, New York 17, N. Y. 


*Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245; N. Y. State Journ. Med., Vol. 35, 6-1-35, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jan. 1937, Vol. XLVII, No. 1, 58-60 
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THOSE FIRST SEX QUES- 
TIONS 


For the parents of very young 
children 


BOOKLETS 


@ FOR YOUNG PEOPLE 


Varents will find the heip they are 
series of pamphiets by Dr. 
as well as the father of a family 


biologist and teacher, 


seeking In this modern 
Thurman B. Rice. Being a physician, 
Dr. Rice 


ia well equipped to deal with this difficult subject properly and 


helpfully. 


Answers to the morrow. 44 pages 


groping questions of the 


thest ones. 40 pages. 25 cents 


IN TRAINING 


HOW LIFE GOES ON 

For girls of high school age 
Their role as mothers of to- 
25 cents a unit for both sexes. 44 


THE AGE OF ROMANCE 


For young men and women, 
dealing with the problem as 


pages. 25 cents 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
human parents. 36 pages. 25 
cents 


For boys of high school age, 
interpreting their adolescent 
devetopment in terms of ath- 
letic and other achievements. 
50 pages. 25 cents. 


25¢ each 
Set of five in 
file case, $1.00 


FOR ADULT READING 


quoted « 


AMERICAN MEDICAL ASSOCIATION 


535 Nerth Dearborn Street 
Chicago 10, itl. 


Also 


SEX FOR THE PRE- 
SCHOOL 
By por and Katherine 
Read 12 pages. 15 cents 
SEX euearion FOR THE TEN 
YEAR OL 
By Bolles. 
cents, 


SEX EDUCATION FOR THE ADO- 
LESCENT 
By George W. Corner and Carney 
Landis, 20 pages. 15 cents. 
THE FACTS ABOUT SEX 
By Andrey McKeever To be read by 
parents or children 16 pages 15 cents, 


ANSWERS TO PRACTICAL QUESTIONS 
ON MENSTRUATION 
By Margaret Bell 


12 pages. 15 


8 pages. 10 cents. 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages 
15 cents. 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cents 
GETTING READY FOR MARRIED LIFE 
By Howard Dittrick 29 pages 20 
cents. 
HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 10 cents 
THE WORD CAN'T SAY (MAS.- 
TURBATION 
By Hannah 


8 pages. 10 cents. 
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many there has seldom been a day cits gentle myldness in 
that the mail has not brought enthusiastic letters: ; 

those who have used ParLano-Say Heavy 
Duty. Never has a single one of these thousands 
of glowing tesumonials been solicited. never has | 
compensation been paid to a single individual 
for expressing their gratification der. this wonderful 
and satisfying product. 


in their compliments of Pax-Lano-Sav Heavy Duty. the unswerv therei 
There are letters which say the users have found of su 
it better than any other product for thoroaghly “continuous produce the 

removing deeply imbedded grease and dirt from: finest ‘skin cl ne without 

the skin, as did the wite who recently wrote that ! for eflort or expense ; seaoe 
“This ts wc! And another: “I personally bave: i 
Not seen anything to compare with the results v Heavy Duty. It will be a revela- 
attained with your product. Its smooth performance. phi and a delightful experience that will tell you — 
in removing most anything from the hands or body effectively than words why the standards 
~and after atest one's skin. It 


LANO- SAV HEAVY. DUTY 


GRANULATED SKIN CLEANSER 


SAV*—a superior skin enx 


6. H. PACKWOOD MANUFACTURING C0. “1545-55 TOWER GROVE AVE. - ST. LOUIS 10, mo 
_ Manufacturers of Fine Industrial Skin Cleansers: 


*Tradename of ting. ok 
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Parenseral administration of Luminal Sodium promptly tones down nervous sys- 
tem excitement. Whether manifested as convulsions, psychic agitation, or perni- 
cious vomiting, nervous overactivity is controlled profoundly and for prolonged 
periods with Luminal Sodium in adult doses of from 2 to 5 grains. 


LUMINAL SODIUM is supplied in... 
Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, for subcuta- 
neous or intramuscular injection; 


Powder, ampuls of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), boxes of 
5, 25 and 100, for subcutaneous, intramuscular and (exceptionally) 
intravenous injection; 


Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm. «5 grains), boxes of 
5 and 100, for intramuscular injection only, 


Mew Serrated ampuls. The constricted neck of Luminal Sodium powder 
ampuls is serrated for easy and clean opening. In making the file cut 
only moderate pressure is required. 


LUMINAL* soviu™ 


BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


Luminal, trademark reg. U. S. & Canada 


New Yorn, Winosor, Ont. 
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